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Proceedings of the Twenty-seventh Annual Meeting of the

American Association of Economic Entomologists

The twenty-seventh annual meeting of the American Association

of Economic Entomologists was held at the University of Pennsyl-

vania, Philadelphia, Pa., December 28 to 31, 1914.

The meeting of the section on Apiary Inspection was held at 8 p. m.,

December 28 and the sessions of the section on Horticultural Inspec-

tion convened at 8 p. m. December 29 at the Hotel Walton and at

10.30 a. m. December 30 at the L^niversity.

The business proceedings of the Association are given in Part I of

this report and the addresses, papers and discussions will be found in

Part 11.

The proceedings of the sections will be prepared by the section

secretaries and published as parts of this report.

The meeting was the largest in the history of the Association, the

program was very interesting and all present joined in making it a

great success.

PART I BUSINESS PROCEEDINGS
The meeting was called to order by President H. T. Fernald at U30

p. m., Monday, December 28, 1914.

Over 200 members and visitors attended the sessions, the average

attendance at each session being about 150. The following members
were present:

A. J. Ackerman, Washington, D. C.

George G. Ainslie, Nashville, Tenn.

J. M. Aldrich, Lafayette, Ind.

I. L. Bailey, Northboro, Mass.

C. H. Baldwin, Indianapolis, Ind.

2

Nathan Banks, Washington, D. C.

G. G. Becker, Fayetteville, Ark.

Wm. BeutenmuUer, New York City.

F. C. Bishopp, Dallas, Texas.

M. W. Blackman, Syracuse, N. Y.



2 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 8

E. B, Blakeslee, Washington, D. C.

W. E. Britton, New Haven, Conn.

C. T. Brues, Forest Hills, Mass.

A. F. Burgess, Melrose Highlands, Mass.

J. W. Chapman, Forest Hills, Mass.

S. C. Clapp, Raleigh, N. C.

C. R. Cleveland, Durham, N. H.

C. W. Collins, Melrose Highlands, Mass.

Mel. T. Cook, New Brunswick, N. J.

R. A. Cooley, Bozeman, Mont.

G. H. Corbett, London, England.

E. N. Cory, College Park, Md.
G. C. Crampton, Amherst, Mass.

C. R. Crosby, Ithaca, N. Y.

J. J. Davis, Lafayette, Ind.

G. A. Dean, Manhattan, Kans.

M. W. Eddy, State College, Pa.

E. B. Engle, Harrisburg, Pa.

E. P. Felt, Albany, N. Y.

H. T. Fernald, Amherst, Mass.

D. E. Fink, Norfolk, Va.

R. J. Fiske, Washington, D. C.

S. A. Forbes, Urbana, 111.

B. B. Fulton, Geneva, N. Y.

B, N. Gates, Amherst, Mass.

J. B. Gill, Washington, D. C.

C. P. GiUette, Fort Collins, Colo.

Hugh Glasgow, Geneva, N. Y.

H. A. Gossard, Wooster, Ohio.

C. H. Hadley, Jr., Ithaca, N. Y.

Ernest Hargreaves, London, England.

Leonard Haseman, Columbia, Mo.
W. H. Hasey, Amherst, Mass.

I. M. Hawley, Ithaca, N. Y.

T. J. Headlee, New Brunswick, N. J.

Glenn W. Herrick, Ithaca, N. Y.

P. M. Hertzog, Heightstown, N. J.

C. Gordon Hewitt, Ottawa, Canada.

C. E. Hood, Melrose Highlands, Mass.

C. O. Houghton, Newark, Del.

-J. S. Houser, Wooster, Ohio.

L. O. Howard, Washington, D. C.

R. W. Howe, Tallulah, La.

S. J. Hunter, Lawrence, Kans.

W. D. Huiiter, Washington, D. C.

J. C. Hutson, Amherst, Mass.

J. A. Hyslop, Hagarstown, Md.
E. O. G. Kelley, Wellington, Kans.

J. L. King, Cleveland, Ohio.

Frederic Knab, Washington, D. C.

J. Kotinsky, Washington, D. C.

G. H. Lamson, Jr., Storrs, Conn.

W. H. Larrimer, Wellington, Kans.

R. W. Leiby, Ithaca, N. Y.

M. D. Leonard, Ithaca, N. Y.

A. D. MacGillivray, Urbana, 111.

C. L. Marlatt, Washington, D. C.

J. F. Martin, Amherst, Mass.

J. W. McCoUoch, Manhattan, Kans.

W. R. McConnell, Hagerstown, Md.
L. S. McLaine, Ottawa, Canada.

C. L. Metcalf, Columbus, Ohio.

Z. P. Metcalf, West Raleigh, N. C.

A. P. Morse, Wellesley, Mass.

J. A. Nelson, Washington, D. C.

Henry Ness, Shenandoah, Iowa.

Wllmon Newell, CoUege Station, Texas.

W. C. O'Kane, Durham, N. H.
Herbert Osborn, Columbus, Ohio.

W. A. Osgood, Diu-ham, N. H.

R. R. Parker, Amherst, Mass.

P. J. Parrott, Geneva, N. Y.

L. M. Peairs, Morgantown, W. Va.

W. E. Pennington, Hagerstown, Md.
E. F. PhiHps, Washington, D. C.

A. L. Quaintance, Washington, D. C.

W. S. Regan, Amherst, Mass.

C. H. Richardson, New Brunswick, N. J.

W. A. RUey, Ithaca, N. Y.

D. M. Rogers, Boston, Mass.

A. G. Ruggles, St. Anthony Park, Minn.

W. E. Rumsey, Morgantown, W. Va.

V. I. Safro, Lexington, Ky.

J. G. Sanders, Madison, Wis.

E. R. Sasscer, Washington, D. C.

H. B. Scammell, Washington, D. C.

W. J. Schoene, Blacksburg, Va.

W. M. Scott, Baltimore, Md.
N. E. Shaw, Columbus, Ohio.

V. E. Shelford, Urbana, 111.

Franklin Sherman, Jr., Raleigh, N. C.

E. H. Seigler, Washington, D. C.

F. L. Simanton, Washington, D. C.

Henry Skinner, Philadelphia, Pa.

M. T. Smulyan, Blacksburg, Va.

J. N. Summers, Melrose Highlands,

Mass.

H. A. Surface, Harrisburg, Pa.

T. B. Symons, College Park, Md.
F. L. Thomas, Athol, Mass.

D. G. Tower, Lafayette, Ind.

E. G. Titus, Logan, Utah.

C. H. T. Townsend, W^ashington, D. C.

C. F. Turner, Greenwood, Miss.
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F. IM. Webster, Washington, D. C.

R. L. Webster, Ames, Iowa.

H. B. Weiss, New Brunswick, N. J.

C. B. Williams, Merton, Surry, England.

T. S. Wilson, Wellington, Kans.

Francis Windle, West Chester, Pa.

W. B. Wood, Washington, D. C,

E. L. Worsham, Atlanta, Ga.

L. H. Worthley, Boston, Mass.

W. W. Yothers, Orlando, Fla.

President H. T. Fernald: You will please come to order. We
will now listen to the report of the Secretary.

At the time of the last Annual Meeting the membership of the Association was

divided as follows: Active, 131; Associate, 189; Foreign, 53; maldng a total of 373.

At the Atlanta meeting four associate members were transferred to the active hst

and 36 associate members were elected. At that time two associate and one foreign

membei' resigned. Two active members have died and 5 associate members have

been dropped from the roU for non-payment of dues. The present membership is

133 active, 212 Associate, 52 Foreign, a total of 397, making a net gain in member-
ship of 24.

During the past year we have lost by death two active members.

Dr. Wm. Saunders, who for many years was Director of the Central Experimental

Farm at Ottawa, Canada, died during the summer of 1914. He was one of the

older members of the Association and although he was unable to attend our meetings

during recent years maiatained a great interest in entomology.

Mr. John A. Grossbeck became a member of the Association during the time that

he was an assistant to the late Dr. John B. Smith. In recent years he has been on the

entomological staff of the American Museum of Natural History of New York.

For several years the income of the Association has been shghtly greater than the

outgo, so that a moderate surplus has been accumulated. This has been accom-

plished only by the most rigid economy. During the past year the expenses have

overrun the income so that the surplus has been somewhat decreased. This has

been partly due to the fact that no dues for 1915 have been collected on account of

the pending amendment to the by-laws relative to the change in the amount of

annual dues.

The annual net increase in the number of Active members for the past few years has

been very small and the net increase in revenue from the new associate members has

usually not amounted to more than ten dollars annually.

The management of the Journal has endeavored to maintain the good reputa-

tion that this publication has enjoyed in the past. It has been necessary to cut ex-

penditures severely, which accounts for the delay in publishing the complete pro-

ceedings in the first two numbers of the Journal last spring.

The financial success of the Journal depends on the advertising that can be se-

cured. During the past year a number of firms have curtailed their advertising and
replacements have not been easy to secure owing to unsettled business conditions.

This loss of income has not been made up by new subscribers as our list showed a net

increase of only 15 during the past year. The total receipts dropped $225 from

those of the previous year and a corresponding decrease in expenditures has been

necessary.

The outlook for the coming year as regards the subscription Hst is not encourag-

REPORT OF THE SECRETARY
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ing. Our foreign subscription list will doubtless be cut heavily on account of the war
in Europe and the moderate increase of fifty cents in the annual rate to non-members
of the Association as suggested by the Advisory Board at the last meeting is necessary

to meet existing conditions.

Expenditures by both the Editor and the Secretary have been curtailed during

the past year and this has meant that much more personal attention had to be de-

voted to the pubUcation than heretofore.

The financial statement which follows shows the present condition of the Treasury,

A few bills are outstanding because they have not been presented for payment and a

number of good accounts are collectible.

Association Statement

Balance in Treasury, December 22, 1913 $358.79

By amount received for dues 1914. 120.94

To stenographic report 1913 meeting $47.20

Stamps and stamped envelopes 19 . 62

Printing, announcements, etc 41 .50

Telegraph and express 2 . 50

Buttons 1913 meeting 11 . 12

Buttons 1914 meeting 11 .25

Cost of Incorporation 3 . 45

Clerical work, Secretary's office 30 . 75

One half salary of Secretary '. 50 . 00

$217.39

Balance, December 22, 1914 262 . 34

$479.73 $479.73

Journal Statement

Balance in Treasury December 22, 1913 $335.81

By amount received for subscriptions, advertising, etc., 1914 1,578.57

To stamps and stamped envelopes $38.36

Printing 1,159.13

Halftones 86.16

Miscellaneous suppUes 26 . 82

Clerical work, Editor's office 32.50

Clerical work. Manager's office 25.00

Salary, Editor 100.00

One-half salary of Manager 50 . 00

$1,517.97

Balance December 22, 1914 396 . 41

$1,914.38 $1,914.38

Respectfully submitted,

A. F. Burgess,

Secretary.

On motion the report was received and the financial part referred to

the Auditing Committee.
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Secretary A. F. Burgess: I would like to make a few remarks

in regard to the Journal". In 1913 we had a paid up subscription

list of 705; in 1914, 720. This does not include copies that go to

advertisers and possibly a half dozen free copies which are sent to

institutions which carry on bibliographical work. Of the 720 paid

subscriptions, 142 went to foreign countries, almost every country in

the world being represented. We have a large foreign list of sub-

scribers but I expect that it will be cut very heavily this year on ac-

count of the war.
^

At the last meeting of the Association, the Advisory Committee

brought in a report recommending that the subscription price of the

Journal be raised 50 cents, provided an amendment to the by-laws

raising the dues was accepted at this meeting. We do a large business

with subscription agencies. It is necessary for them to prepare cata-

logues and quote prices in mid- summer. As it was impossible to wait

for a decision at this meeting in regard to raising the price of the Jour-

nal, I increased it in my quotations to subscription agencies.

We have been receiving a considerable number of subscriptions from

Japan during the past year and a noticeable increase of subscriptions

to Russia was made during 1914.

I wish to explain this matter so that the members will understand

more accurately how the Journal stands at the present time.

President H. T. Fernald: I will now read the Report of the

Executive Committee.

REPORT OF THE EXECUTIVE COMMITTEE

No meeting of the Executive committee has been necessary during the year, only

two matters having arisen which needed consideration.

The first of these was a renewal of the invitation by the Managers of the Panama-
Pacific Exposition to hold a meeting at San Francisco during the coming summer.

After correspondence between the members of the committee it seemed desirable to

avoid breaking in on our present custom of holding our regular annual meeting during

the Christmas holidays, and the invitation was therefore decHned. Since that time

certain developments seem to make it desirable to bring this subject before the

Association where it will be presented as new business.

The other matter was the preparation of a seal, authorized at the last annual meet-

ing. The committee is not yet ready to make a final report as to what this seal shaU

represent and can at present only report progress.

H. T. Fernald,

Glenn W. Herrick,

W. E. Britton,

WiLMON Newell,
A. F. Burgess,

Executive Committee.

President H. T. Fernald: The next on the program is the
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report of the Employment Bureau by W. E. Hinds, Auburn, Alabama,

which will be read by the Secretary.

ANNUAL REPORT OF ENTOMOLOGISTS' EMPLOYMENT BUREAU

The Entomologists' Employment Bm^eau was established three years ago for the

mutual convenience of both employers and employees in entomological work. The
service incident to bringing these two parties together has from the first been con-

ducted at the minimum of expense.

Under the administration of Prof. F. L. Washburn who had charge of the Bureau
for the first two years of its existence, some twenty men were enrolled and a number
of appointments appear to have been made through the agency of the Bm'eau. The
registration fee was reduced from S4.00 to $2.00. No definite hmit appears to have

been set as to the service offered and no special forms were used in the records of

the Bureau. It has seemed necessary therefore to sj^stematize the work somewhat
more than was necessary at its inception.

Accordingly em"oUment and notification forms, letterheads, etc., have been pre-

pared so that we may be in position to give prompt and effective service with a mini-

mum of clerical expense. The information needed by apphcants for enrollment is

printed on the appHcation form itself. Ten references to possible employers are

offered with one registration fee. An abstract of the enrollment record, with fuU

addresses of parties whose names are given as references is now sent to the possible

emplo3^er and a notice of the opening for which a man is apparently prepared is sent

to each man whose name has been suggested in connection therewith.

These changes in method of administration are working satisfactorily. It happens

occasionally, however, that an appHcant moves for some reason without sending us

his new address, thus putting us out of touch with him for a time at least. It would

help the Bureau to become of greater service if we may have a little more general

cooperation in the following points especially: Fkst, Prompt notification of changes

in the apphcant's address. Second, More general notification by employers regard-

ing positions for which names of candidates may be desired. Our service is free to

employers and we can frequently suggest the names of several men having the general

qualifications required so that the employer may have a choice among several good

men. Thud, We need more general information regarding appointments, especially

when made thi'ough the agency of the Bureau and when men enrolled with the Bureau

accept work either temporary or permanent, which might change their status as

apphcants whose names we might present for immediate appointments.

Since March 3, 19147 we have added nineteen (19) new names to the enrollment

list and at least eight (8) appointments have been made from names supplied by the

Bm^eau. A full financial statement is presented herewith.

General Statement

W. E. Hinds,

In Charge.

Financial Statement

Received

March 3, 1914, To check of F. L. Washbm^n covering balance on

hand
March to December, To nineteen (19) new registrations

$32.25

38.00

Total receipts $70.25
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Paid

August 25, 1914, Printing and stationery, Post Publishing Co. . . .

October 5, Post Publishing Co
April 9, August 29, Xovember 5. Labor multigraphing letters:

Sll.OO

2.00

Sl.OO, 75c, 75c 2.50

7.24Postage

Envelopes and letter heads fui^nished by A. P. I., Dept. of En-

tomology

December 22, Stenographer, X. C. PoweU
2.50

18.00

Total expenditm'es . . . .

Balance, in Bank of Auburn
S43.24

27.01

S70.25 S70.25

W. E. Hinds,

In Charge.

On motion the report was adopted and the financial part referred

to the Auditing Committee.

Secretary A. F. Burgess: I notice that ]\Ir. Hinds emphasizes

the necessity for members notifying him promptly of any change of

address. I want to make the same point in regard to subscribers to

the Journal. Entomologists are a very migratory set of people and

if you had the mailing list of the Journal to correct for each issue,

you would realize that fact. In order to assure delivery of the pub-

lication as it is issued, it is necessary that the members should promptly

notify concerning any change of address.

President H. T. Fernald: The report of the Committee on

nomenclature will now be presented by Mr. Herbert Osborn, Columbus,

Ohio.

REPORT OF COMMITTEE OX CO^^IMOX NAMES OF INSECTS OF THE
AMERICAN ASSOCIATION OF ECONOMIC ENTOMOLOGISTS

The only case which has been submitted to your committee during the past year

has been a petition from Dr. H. J. Franklin of Amherst, Mass., to the effect that the

names of certain cranberry insects, the Black-head Cranberrj^ Worm and the YeUow-
head Cranberry Worm, names which were adopted on the initiative of Prof. J. B.

Smith, should be changed to the Flowed Bog Fireworm, Rhopohota vacciniana

(Pack.) and the Dry Bog Fireworm, Peronea minuta (Rob.).

Dr. Franklin's argument in brief is that the names suggested are more distinctive

of the habits of the species concerned and that the previous names are less distinctive

and less suggestive to the practical cranberry growers who are especially interested

in the use of these names.

Your committee feels that it is undesirable to make changes of names already

adopted except in case of very positive reasons and would present the case to the

Society without recommendation.
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We will be pleased to have the matter discussed at this meeting and the opinions of

those entomologists most familiar with the species considered in the discussion.

Respectfully submitted,

Herbert Osborn,

W. E. Britton,

E. P. Felt,

Committee.

Secretary A. F. Burgess: It seems to me that it would be well

for the committee to take up the suggested changes with the entomol-

ogists that are particularly interested in crajuberry insects and bring

in a recommendation later to the Association. Cranberries are

grown onl}^ in limited sections of the countr}^, and there are therefore

only a limited number of our members interested in these insects. It

ought to be possible for the committee to consult with these men and

get the consensus of opinion in regard to the proposed changes in names.

On motion, the report was referred back to the committee with

instructions to report later.

President H. T. Fernald: Next is the report of the committee

on entomological investigations which will be read by Glenn W. Her-

rick; Ithaca; N. Y.

REPORT OF THE COMMITTEE ON ENTOMOLOGICAL
INVESTIGATIONS

December 23, 1914

Mr. President:

The Committee on Entomological Investigations presents its report and begs

leave to make the following remarks:

The notice to the different entomologists was sent out a little late, OT^ang to a

confusion regarding the organization of the Committee. However, about the same

number have reported as usual. In addition, we have this year for the fii'st time,

the long list of most admirable projects of the Bureau of Entomology at Washing-

ton.^ Lists of projects of other entomologists are not readily accessible and are

therefore reproduced below.

Glenn W. Herrick,

W-4J.TER C. O'Kane,

T. J. Headlee,

Committee.

Investigations Dealing w^ith Mammalia

Nebraska, Lincoln,—Myron H. Swenk.

The prairie-dog. Substantial progress. Prehminary pubHcation contemplated.

New Mexico, State College,—D. E. Merrill.

Prairie-dogs. Data on distribution, numbers, damage, control.

Rodents. Tests of poisons, traps, etc. Scattering.

^This latter is not reprinted, since it appears in the "Program of Work of the

United States Department of Agriculture for the Fiscal Year 1915" and may be

readily obtained by interested parties.
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Ix^*ESTIGATIOXS DeALIXG WITH CrUSTACEA

Mississippi, Agricultural College,—R. W. Harned.

The craj^sh of ^lississippi. Slight progress during the year.

IX'^TESTIGATIOXS DeALIXG VTLTBl MoLLUSCA

Oregon, Corvallis.—H. F. Wilson.

The garden slugs. Begun 1913. A. L, Lovett in immediate charge.

IXA^ESTIGATIOXS DeALIXG VTITB. AcARIXA

Connecticut, Xew Haven,^—W. E. Britton.

Control of Greenhouse Mite, Tarsonemus pallidus Banl^s. Begun 1914. Q. S. Lowry
aiding.

Montana, Bozeman,—R. A. Cooley.

Tick investigations with particular reference to Dermacentor venustus.

North Carolina, Raleigh,—Frankhn Sherman, Jr.

Red spider on cotton. Life history, habits; begun last year; continued.

New York, Geneva,—P. J. Parrott.

Monographic study of the Eriophyidoe of N. Y. In charge of H. E. Hodgkiss.

Ixyestigatioxs Dealixg with Thysaxoptera

Connecticut, Xew Haven—W. E. Britton.

Control of Onion Thrips, Thrips tabaci Linde. Begun 1913. B. H. Walden aiding.

New York, Geneva,—P. J. Parrott.

Life history, habits, distribution in New York of the pear thrips, Euthrips pyri.

IX^TESTIGATIOXS DeALIXG WITH MaLLOPHAGA AXD AxOPLURA

Calijornia, Stanford University,—V. L. Kellogg.

Taxonomic and biologic studies of the Mallophaga and Anoplura. (With G. F.

Ferris). Generic and specific revision of the North American Anoplura. Work
imder way.

New York, Cornell University, Ithaca.—Glenn W. Herrick.

The MaUophaga of domestic fowls. Ready for pubhcation.

Ixvestigatioxs Dealixg with Isoptera

Kansas, Manhattan,—George A. Dean and J. H. MerriU.

A study of the termite {Termes lucifugus).

Ixvestigatioxs Dealixg with Orthoptera

Hawaii, Honolulu,—J. F. IlhngA;\''orth

.

Monograph of Hawaiian Roaches, begun 1913, well under way.

Idaho, Boise,—T. H. Parks.

Snowy tree cricket {Oecanthus niveus). Injuries to ripening prunes. Begun 1914.

Kansas, Lawrence,—S. J. Hunter.

Acridince of Kansas, taxonomic, economic and biologic phases. P. W. Claassen in

charge.

Remedial measures against native grasshoppers. S. J. Hunter and P. W. Claassen.

Kansas, Manhattan,—^George A. Dean.

Habits and life history, control of injurious grasshoppers. George A. Dean.

Parasitic and predaceous enemies of grasshoppers. Paul S. Welch.
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Nebraska, Lincoln,—Myron H. Swenk.

Grasshopper control. Lawrence Bruner in charge. Substantial progress.

New York, Albany —E. P. Felt.

Grasshoppers of New York, control. Considerable data. Begun 1914.

New York, Geneva,—P. J. Parrott, B. B. Fulton.

Life histories, habits and control of tree crickets, 0. niveus and related species.

Oregon, Eugene,—C. F. Hodge.

Methods of collecting and preserving grasshoppers for game bird and poultry food.

Investigations Dealing with Hemiptera

Arkansas, FayetteviUe,—George C. Becker.

(1) Supposed immunity of Northern Spy stock to the attacks of wooUy aphis.

(2) Studies of the relationship of woolly aphis to its various hosts. Substantial

progress.

Colorado, Boulder,^—^T. D. A. Cockerell and Ehzabeth Robinson.

Coccidse of Colorado and PhiHppine Islands. One paper pubhshed; second about to

be pubhshed.

Colorado, Fort CoUins,—C. P. Gillette.

Plant aphids. Several years' progress. Much data accumulated; two papers pub-

hshed.

Florida, Gainesville,—J. R. Watson.

White fly studies.

Idaho, Boise,—T. H. Parks.

Clover aphis {Aphis hakeri). Begun 1913; studied as an enemy of red clover and

apple foliage.

Indiana, Indianapolis, ^—C. H. Baldwin.

Coccidse of Indiana. Distribution, control of greenhouse species. H. F. Dietz in

charge,

Maine, Orono,—Edith M. Patch.

Aphid ecology. Begun 1904. Progress slow but constant.

Mississippi, Agricultural CoUege,^—R. W. Harned, E. W. Stafford.

Scale insects of Mississippi (food habits, life history of native species).

Missouri, Columbia,—L. Haseman.
Tarnished plant bug and its work on peach and other plants.

Apple leaf hopper.

Control of the San Jose scale. L. Haseman and A. H. Holhnger.

Missouri, Mountain Grove,—M. P. Somes.

Life history and control of the San Jose scale. Satisfactory progress.

Life history and control of Jalysus spinosus: Practically complete.

Montana, Bozeman,—R. A. Cooley.

Life history and control of sugar beet louse {Pemphigus betoe) . J. R. Parker in charge.

Control of the oyster shell scale by use of insecticides.

Iowa, Ames,—R. L. Webster.

Oyster shell scale, Lepidosaphes ulmi. Begun 1908. Progress satisfactory.

Kansas, Lawrence,—S. J. Hunter.

Aspidiotus perniciosus, study of means of distribution and methods of control.

Aspidiotus perniciosus, study of the natural parasites. P. W. Claassen.

Blissus leucopterus, control measures. S. J. Hunter and P. W. Claassen.

Woolly aphis, H. B. Hungerford.

Toxoptera graminum. Ruby Hosford.
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Kansas, Manhattan,—Geo. A. Dean.

Chinch bug control. Geo. A. Dean and J. W. McColloch.

Chinch bug egg parasite. J. W. McColloch.

Control of San Jose scale. J. H. Merrill.

Neiu York, Albany,—E. P. Felt.

Efficiency of San Jose scale parasites. Preliminary report in type. Begun in 1913.

New York, Geneva,—P. J. Parrott.

Life history, habits, control in pear orchards of false tarnished plant-bug, Lygus

invitus Say. H. E. Hodgkiss in immediate charge.

Control of late summer broods of the pear psylla. H. E. Hodgkiss in immediate

charge.

Life history, habits, control of grape leaf hopper. F. Z. Hartzell in immediate charge.

New York, Cornell University, Ithaca,—Glenn W. Herrick.

Green apple aphis {Aphis pomi). Robert Matheson in full charge.

Rosy apple aphis {Aphis sorhi). Robert Matheson in full charge.

Pine leaf scale {Chionaspis pinifolice). Robert Matheson in full charge.

Ohio, Wooster,—H. A. Gossard.

Biological and economic studies of plant lice, especially in orchards.

Distribution of Periodical Cicada, 1914 brood; cooperation with Biological Survey

and State Bureau of Nursery Inspection.

Experiments for control of jassids or leaf-hoppers in grasslands planned.

Scale insects and remedies; much experimental data. J. S. Houser in immediate

charge.

WooUy aphis. Several years' work, not much progress. J. S. Houser in immediate

charge.

Research on Pentatomidse. Several life histories practically complete. R. D.
Whitmarsh in immediate charge.

Oregon, CorvaUis,—H. F. Wilson.

Rose-leaf hopper as a fruit tree pest {Empoa rosce). Begun July 1, 1914. Leroy

Childs aiding.

South Carolina, Clemson CoUege,—A. F. Conradi.

Aphis maidi-radicis on cotton; hfe history^ food plants, ants, repeUants, control.

Begun 1909. W. A. Thomas in charge.

South Dakota, Brookings,—H. C. Severin.

Investigations of the scale insects of South Dakota. Begun in 1912.

Tennessee, Knoxville,—E. C. Cotton.

The hog louse.

Texas, College Station,—Wilmon Newell.

Turnip louse {Aphis pseudohrassicce) . Well advanced; prehminary publication

being prepared. F. B. Paddock in charge. Begun in 1913.

Virginia, Blacksburg,—W. J. vSchoene.

Spinach aphis {Myzus persicce), control, L. B. Smith in charge; project started spring

of 1914.

Pea-aphis {Macrosiphum pisi) biology and control, L, B. Smith in charge; project

started spring of 1914.

Biology and the control of the three species of the aphis affecting the apple.

Aphis pomi. Aphis sorhi and Siphocoryne avence. W. J. Schoene and M, T.

Smulyan in charge; project started spring of 1914.

Effect of woolly aphis {Schizoneura lanigera) on apple trees. W. J. Price in charge;

continuation of a project of several years' standing.
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West Virginia, Morgantown,—L. M. Peairs.

Control of apple woolly aphis. Work along new lines merely started.

Investigations Dealing with Lepidoptera

Arkansas, Fayetteville,—George C. Becker.
'' Life history, control of Sanninoidea exitiosa. Substantial progress.

Colorado, Fort Collins —C. P. Gillette.

Codling moth; in progress for several years. Much data.

Hawaii, Honolulu,—J. F. IlUngworth.

Palm-leaf roller {Omoides blackhurni Butl.), seasonal activity, life history, parasites.

Begun 1913, well under way.

Indiana, Indianapolis,—C. H. Baldwin.

Apple-leaf skeletonizer, life history, control. Begun 1914. Progress satisfactory.

Indiana, Lafayette,—James Troop.

Life history, control, codling moth. Begun 1913. Will run one or two years more.

Iowa, Ames,—R. L. Webster.

Strawberry leaf-roUer {Ancylis comptana). Begun 1913. Considerable data.

Variegated cutworm {Peridroma margaritosa) . Begin in 1914. Many observations.

Corn-ear worm {Heliothis obsoleta). Seasonal history. Begun in 1914.

Kansas, Lawrence,—S. J. Hunter.

Codling moth, control. S. J. Hunter and P. W. Claassen.

Indian meal-moth, life history and economic importance. S. J. Hunter & R. H.
Beamer.

Cut-worms and army-worms, economic phases. H. B. Hungerford and Geo. H.
Vansell.

Bee-moth. Geo. H. Vansell.

Kansas, Manhattan,—Geo. A. Dean.

Life history and control of the the corn-ear worm. J. W. McCoUoch.
Life history and control of the apple-leaf skeletonizer {Canarsia liammondi). J. H.

Merrill.

Maryland, Baltimore,—W. M. Scott.

Experiments for the control of the peach tree borers. Begun 1913.

Missouri, Columbia,—L. Haseman.
Life history; paints for control of peach tree borer. L. Haseman and M. E. Hays.

Life history, injury, control of corn-ear worm. M. E. Hays.

Missouri, Mountain Grove,—M. P. Somes.

Life history and control of peach tree borer. Considerable progress.

Montana, Bozeman,^—R. A. Cooley.

Life histories and control of cutworms.

Nebraska, Lincoln,—Myron H. Swenk.

Cutworm injury to Nebraska crops. Considerable data.

New Jersey, New Brunswick,—T. J. Headlee.

Corn-ear worm investigations; methods of applying powdered poisons. C. H.

Richardson and T. J. Headlee; see Repb., 1913.

Peach borer: study of protective coatings. H. B. Weiss and T. J. Headlee. See

Repts., 1913, 1914.

New York, Albany,—E. P. Felt.

EjSiciency of codling moth sprays. Mostly pubHshed. Begun in 1909.
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New York, Geneva,—P. J. Parrott.

Life history, habits, distribution of the apple and cherry ermine moths.

Life histories of species,of Xylina and Scopelosoma. B. B. Fulton in immediate charge,

Ohio, Wooster,—H. A. Gossard.

Life history of codling moth at Wooster; some data, studies of second brood in all

sections of state.

Life history and economics of clover leaf-roller. Notes for three or four seasons.

Control of grapeberry worm. Experimental work practically finished. Life history

incomplete. W. H. Goodwin in charge.

Life history and control of peach tree borer; two years' observations; substantial

progress; large remedial tests. J. L. King in immediate charge.

Life history and treatment for the lesser peach borer, as in preceding.

Pennsylvania, Harrisburg,—H. A. Surface.

Experiments for control of the peach tree borer. Work completed.

South Dakota, Brookings,—H. C. Severin.

Life history and control of native cutworms. Begun in 1910. .

Investigations Dealing with Diptera

Colorado, Fort ColHns,—C. P. Gillette.

Syrphus flies and plant Uce; continued three years; considerable material. C. R.

Jones in immediate charge.

Life habits of the lady beetles. Paper pubhshed. Miss M. A. Palmer in immediate

charge.

Connecticut, New Haven,—W. E. Britton.

Cabbage maggot control. Begun 1908. Q. S. Lowry aiding.

Onion maggot control. Begun in 1914. B. H. Walden aiding,

Connecticut, New Haven,—W. E. Britton.

Control of mosquitoes in Connecticut; effect of drainage on salt marsh; changes in

flora. Begun 1912. B. H. Walden aiding.

Hawaii, Honolulu,—J, F. Illingworth.

Melon fhes (Dacus cucurhitce Coq.), control measures, begun 1914, well started.

Kansas, Lawrence,—S. J. Hunter.

Tabanidae of Kansas, R. H. Beamer.

SimuHum, study of connection with transmission of Pellagra. S. J. Hunter.

SimiHum, Ecology and morphology. H. B. Hungerford.

Hessian fly, methods of control. S. J. Hunter and P. W. Claassen.

Kansas, Manhattan,—Geo. A. Dean.

Life history and control of the Hessian fly. Geo. A. Dean and J. W. McColloch.

Massachusetts, Amherst,—H. T. Fernald.

Control of onion maggot on large fields. Progress satisfactory.

Missouri, Columbia,—L. Haseman.
Life history of the Hessian fly and resistant varieties of wheat.

New Hampshire, Durham,—W. C. O'Kane and C. H. Hadley, Jr.

Control of root maggots with insecticides; two seasons' preliminary work completed.

Control of black flies, deer flies and midges. In progress.

New Jersey, New Brunswick,—T. J. Headlee.

Typhoid fly: Data necessary for practical control work of it and its associates.

Charles S. Beckwith and T. J. Headlee in 1913, C. H. Richardson in 1914. See

reports 1913, 1914.

Mosquito investigations: Data for practical control work. T. J. Headlee. See

reports 1913, 1914, also Circ. 17.
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New York, Albany —E. P. Felt.

Monographic study of biology and taxonomy of gall midges. Partly published,

much in manuscript. Begun in 1906.

New York, Geneva,—P. J. Parrott.

Life history, habits, control of the grape midge. F. Z. Hartzell in immediate charge.

Life history, habits, control of cabbage maggot; a special study of the reaction of

puparia to heat and desiccation; methods of protecting seed beds. Ready to

report. W. J. Schoene.

Ohio, Wooster,—H. A. Gossard.

Onion maggot. Observations for two seasons, substantial progress. J. S. Houser
in immediate charge.

Oregon, Eugene,—C. F. Hodge.

Control of house and stable flies, especially community cooperation in practical

extermination. Begun 1910.

Preventing mosquito breeding in agricultural districts; in conjunction with class in

biology.

Investigations Dealing w^ith Coleoptera

Alabama, Auburn,—W. E. Hinds.

Life history, control of rice or black weevil, Calandra oryza. Substantial progress.

Begun 1908. Partly published.

Arkansas, Fayetteville,—George C. Becker.

Life history, habits, control of Saperda Candida: (1) hfe history and habits, (2)

control. Substantial progi'ess.

Connecticut, New Haven,—-W. E. Britton.

Life history and control of white pine weevil, Pissodes strohi Pk. Begun 1911. B. H.

Walden aiding.

Hawaii, Honolulu,—J. F. Illingworth.

Cucm^bit stem borer {Apomecyna pertigera Thorns.), life history, control, begun

1913, well under way.

Monkey pod borer {Xysirocera globosa Oliv.), begun 1914, well under way.

Iowa, Ames,—R. L. Webster.

White grub investigations. Begun in 1914; cooperation U. S. Bureau of Entomology.

Kansas, Lawrence,—S. J. Hunter.

Ehn-tree borers, life history and control measures, Walter WelUiouse.

Cottonwood borer, parsites of. H. B. Hungerford.

Kansas, Manhattan,—Geo. A. Dean.

Life history, control of maize biU bug {Sphenophorus maidis). J. W. jMcColloch

and W. P. Hayes.

Missouri, Columbia,—L. Haseman.

Life history and control of the striped cucumber beetle.

Life history, injury and control of the elm-tree borer.

Missouri, Mountain Grove,-—-M. P. Somes.

Life history and control of the fruit-tree bark-beetle. Considerable data.

New York, Albany,—E. P. Felt.

Ecology and control of June beetles and white grubs. Partly published. Begun

in 1912.

New York, Geneva,—P. J. Parrott.

Life history, control of the rose chafer. F. Z. Hartzell in immediate charge.

Life history, habits, control of grape root worm. F. Z. Hartzell in immediate charge.
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Life history, control of the sinuate borer {Agi^ilus sinuatiis). Hugh Glasgow in

immediate charge.

Distribution, hfe history, control of Polydrosus impressifrons. Hugh Glasgow in

immediate charge.

New York, Cornell University, Ithaca,—Glenn W. Herrick.

Poplar borer {Cnjptorhynchus lapathi). Robert Matheson in full charge.

Ohio, Wooster,—^H. A. Gossard.

Life history and systematic studies of long-horned wood-borers in Ohio; continued

several years. W. H. Goodwin in immediate charge.

Life history and study of the Balininoe or nut weevils of Ohio; continued several

years. W. H. Goodwin in immediate charge.

General study of the various bark beetles in Ohio; substantial progress. J. L. King,

in immediate charge.

Oregon, Corvallis,—^H. F. Wilson.

Otiorhynchid beetles infesting the strawberry in Oregon. Begun July 1, 1914. G. F.

Moznette aiding.

Cucumber beetles {Diahrotica soror and D. trimttata). Begun 1913. K. L. Lovett in

immediate charge.

Scolytidce infesting the Douglas fir {Pseudotsuga taxifolia (Pow.)Britt.). Begun 1912.

Leroy Childs aiding.

South Carolina, Clemson College,—^A. F. Conradi.

A study of new and httle known wire-worms of field crops. Begun 1909.

Life histories, food plants, habits, control of H. uhleri and Monocrepidius vespertinus.

Substantial progress.

Above in cooperation with the Section of Southern Field Crop insects, Bureau of

Entomology, H. C. Eagerton in charge.

Texas, College Station,—Wilmon Newell.

Pecan twig girder {Oncideres texana). Sherman W. Bilsing in charge. Material

progress, begun 1913.

Pea and bean weevils; practical control. Work begun. Wilmon Newell and asso-

ciates.

Wisconsin, Madison,—J. G. Sanders.

Control of white grubs. Begun 1914. Progress satisfactory.

Investigations Dealing wtth Hymenoptera

Colorado, Boulder,—T. D. A. Cockerell.

Bees of the world; principally those of North America and Australia.

Hawaii, Honolulu.—J. F. llhngworth.

Predaceous habits of big-headed ant {Pheidole megacephala Fab.), notes from Fiji

Islands and Hawaii, begun 1913, half completed.

Indiana, Indianapolis,—C. H.- Baldwin.

Control of house ants. Begun 1914.

Kansas, La-^Tence,—S. J. Hunter.

Bees and their diseases. Geo. H. VanseU.

Bees and poison bait. Geo. H. Vansell.

Kansas, Manhattan,—Geo. A. Dean.

A study of the kaffir ant {Solenopsis molesta). J. W. McCoUoch and W. P. Hayes.

Missouri, Columbia,—L. Haseman
A study of beekeeping in Missouri.

/
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New Jersey, Xew Brunswick,—T. J. Headlee.

Bee disease control: E. G. Carr and T. J. Headlee. See reports for 1913, 1914.

A'eiv York, Geneva,—P. J. Parrott.

Life historj^, habits, fe,ontrol of the saw flyleaf miner {Profenusa collaris ^IslcG) .

B. B. Fulton in immediate charge.

Oregon, Corvallis,—-H. F. Wilson.

Raspberry and loganberr^^ rootborer {Benibecia 7narginata). Begun 1913. A. L.

Lovett in immediate charge.

Texas, College Station,—Wilmon Xewell.

A study of inheritance in the honej^ bee. Material progress. Begun in 1911.

Beekeeping experiments.

Practical experiments relating to honey production. Begun in 1912.

Wisconsin, Madison,—J. G. Sanders.

Wisconsin beekeeping conditions. Begun in 1912. L. V. France in charge.

Investigations dealing with Groups of Insects or with Insecticides or with
BOTH

Alabama, Auburn,—-W. E. Hinds.

Carbon bisulphide and hydrocyanic acid gas as insecticides. Begun 1908. Con-
tinued progi'ess.

Factors affecting the distribution, adhesion, economy of apphcation and efficiency of

arsenical insecticides with particular reference to arsenate of lead; begun 1913.

Substantial progress.

Colorado, Boulder,—^T. D. A. Cockerell.

Insects of Colorado, principally those of Boulder County.

Fossil insects especially of Florissant, Colorado (Principally Diptera and Hymenop-
tera.)

Colorado, Fort Collins,—C. P. GiUette.

Control of insects by treatment of the eggs. Conducted for several years, much data^

Connecticut, New Haven,—W. E. Britton.

Preparation and application of nicotine solutions as insecticides. Begun 1914. A
few extractions and analyses made. J. P. Street aiding.

Study of insects attacking the apple in Connecticut. Begun 1907. Studies com-

pleted on several insects and papers pubhshed.

Insects attacking the peach in Connecticut. Extent of damage and methods of con-

trol. Begun 1907. Studies of a number of the more important pests made.

Control of peach and apple borers in Station orchard. Begun 1911. Considerable

data.

Insects attacking cabbage in Connecticut. Substantial progress. Begun 1912.

Q. S. Lo^Tj' aiding.

Insects attacking vegetables in Connecticut. Begun 1908. Substantial progress.

Insects attacking white pine in Connecticut. Begun 1912. Some progress. B. H.

Walden aiding.

Indiana, Indianapohs,—C. H. Baldwin.

Control of greenhouse pests by fumigation and spraying. Begun 1914. A. P.

Swallow in charge.

Kansas, Lawrence,—S. J. Hunter.

Alfalfa insects. Wm, Brown.
^

Spraying; relative efficienc}^ of lime-sulphur and scalecide. P. W. Claassen.

Spraj^ing; effects of successful seasonal spraying on succeeding seasons' crops. S. J.

Hunter and P. W. Claassen.

Optimum and fatal temperatures for insect life. Rub}^ Hosford and Wm. Brown.
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Kmisas, Manhattan,—-Geo. A. Dean.

Relation of climate to injurious insects. Geo A. Dean and J. W. ]\IcColloch.

Measures of controlling mill and stored grain insects. Geo. A. Dean.

Maryland, Baltimore,^— Scott.

Development of a di-y material for use as a substitute for lime-sulphur solution.

Begun 1913.

Experiments with arsenate of lime or calcium arsenate as a substitute for arsenate of

lead. Begun 1913. Xearh' completed.

Massachusetts, Amherst,—H. T. Fernald.

Causes producing burning of foHage by insecticides. Progress satisfactory.

Real amount of benefit obtained from different groups of parasites. Progress satis-

factory.

Distribution limits of pests in Massachusetts. Progress satisfactory.

Strength of fumigation safe on different gi-eenhouse crops as compared with strength

necessary for destruction of the pests. Temporarih' discontinued.

Michigan, East Lansing,—R. H. Pettit.

How contact insecticides kill. E. G. Shafer in immediate charge.

Life histories and control of various fruit and field crop insects.

Life histories and control of insects injurious to "^Michigan forests and shade trees.

G. C. Good-^in in immediate charge.

Missouri, Columbia,—L. Haseman.

Life histories, distribution, injury and control of insects affecting nursery stock.

Nebraska, Lincoln,—]M}Ton H. Swenk.

The role of insects in tripping alfalfa blossoms and effect of tripping on size of seed

crop. Progress satisfactor}'. Preliminary pubUcation contemplated.

A monographic account of the insect enemies of alfalfa. Progress satisfactory.

New Jersey, Xer. Brunswick,—T. J. Headlee.

Spraying and dusting investigations: Effectiveness of certain new dusts in con-

trolhng insects and diseases affecting orchard fruits and potato fohage; former this

3^ear in charge department of plant pathology and latter in charge of department

of entomology. H. B. Weiss, C. H. Richardson and T. J. Headlee in 1913; Alfred

E. Cameron in 1914. See reports for 1913, and 1914.

Climatic and insect investigations : Effec t of maximum and minimum temperatures

on various seriously injurious insects. C. H. Richardson and T. J. Headlee. No
printed records of progress thus far.

Insect control: Facts relative to importation of injurious insects from Foreign

countries; control of outbreaks of established insects. H. B. Weiss and T. J.

Headlee. See reports for 1913, 1914.

New York, Albany,—E. P. Felt.

Factors influencing distribution and abundance of insects. Considerable data

accumulated, not much published. Begun in 1899.

Effect of applications of petroleum or petroleum compounds to dormant trees. Much
published, investigations still in progress. Begun in 1911.

New York, Cornell L'niversity, Ithaca,—Glenn W. Herrick.

Insects injmious to hops in New York. I. M. Hawley in charge. Work just begun.

Insects injurious to clover. C. H. Hadley,, Jr., in charge.

New York, Geneva,—P. J. Parrott, and W. J. Schoene.

Insecticidal properties of various sulphides and poh'sulphides.

3
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Ohio, Wooster,—H. A. Gossard.

Relation of insects to fire-blight in orchards. Preliminary experiments dm-ing one

season. Commenced in 1907.

Collect gi'asshoppers and mosquitoes to make a representative collection. Good
collection of grasshoppers; only a beginning with mosquitoes.

Shade tree and forest insects. Observations and experimental data collected through

several years. J. S. Houser, in immediate charge.

Spraying mixtm^s. Considerable testing with newer mixtures, especiallj'- for scale

control. J. S. Houser in immediate charge.

Stored Grain Insects. Experiments with heat and moisture carried on for several

years. W. H. Goodwin in immediate charge.

Spraying Machinery Studies. Illustrative types and demonstration machine
sectioned to show construction. Improvements and new features. Carried on

for several years. Mostly pubhshed. W. H. Goodwin in immediate charge.

Important fruit insects in the Lake Erie Fruit Belt. Two years observations. J. L.

King in immediate charge.

Household insects. New developments investigated. R. D. Whitmarsh in imme-
diate charge.

Oregon, CorvalUs,—H. F. Wilson.

Insecticides and combination sprays. Begun 1912.

Pennsylvania, Harrisburg,—H. A. Sm-face.

Varieties of cultivated plants, especially fruits, in reference to their habihty to insect

and plant disease injury. Progress slow.

Improvement of the lime-suKur solutions. Completed.

Practical dissemination of insect parasites, especially of San Jose scale.

Native reptiles and amphibians as enemies of insects.

South Carolina, Clemson CoUege,—A. F. Conradi.

Relation of temperature and moisture to insect activity. Begun 1910. Progress slow.

Effect of oils on gloomy and cottony maple scales. Begun 1911. Good success.

West Virginia, Morganto^m,—-L. ISI. Peairs.

The relation of temperature to insect life. Begun in 1904 by Professor Sanderson.

Satisfactory progress.

Dusting in the orchard. Sufiicienth^ complete for prehminary report.

Dusting for truck crop insects. Fair progress.

Minor orchard insects. Determination of distribution and damage from minor pests.

Control of apple and peach borers. Considerable data. W. E. Rumsey.

Wisconsin, ]\Iadison, J. G. Sanders.

Control of onion maggot and other onion insects. Begun 1910, discontinued until

1912 and continued up to 1914.

Tobacco insects of Wisconsin. ]Mr. Stewart C. Chandler in charge. Begun 1914.

Progress satisfactory.

Insects injurious to truck crops in Wisconsin. Neale F. Howard in charge. Begun

1914. To be continued.

Taxoxomic Directory

ThTSAXOPTERA

.

W. E, Hinds, Auburn, Ala., will classify for privilege of retaining duphcates and of

naming and describing the new species.

Mallophaga and Axoplura.

V. L. Kellogg, Stanford University, Cal., will classify collections (under reservation

as to available time) for usual privileges; especially glad to examine material from

mammals.
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Oethopteea.

R. A. Cooley, Bozemari; Mont., will classify Orthoptera of the Northwest.

B. H. TTalden, Xew Haven, Conn., will classify, in so far as other work will permit.

MEMBEACiD-i:, Jassid-e, Ceecopid^e and Fulgorid.e.

Z. P. ]\Ietcalf, West Raleigh, N. C, will classify for permission to retain new and

unusual forms for further stud}', and to dispose of a fair number of such forms as he

may see fit.

Jassid-E.

E. D. Ball, Logan, Utah, will classify Xorth American forms under the usual con-

ditions.

Aphidid-E. /

C. P. Gillette, Fort CoUins, Colo., will classify, pro^dded data on food plants and

date and location of capture are furnished, and the pri^dlege of retaining the speci-

mens of special interest when there are duphcates.

H. F. Wilson, CorvaUis, Oregon, will classify Aphididce if data on food plants, dates

and location of capture are furnished. The correct scientific name of the food plant

should be given. iMaterial in the subfamily Lachniim is especially desirable.

ApHiDiDiE and Pstllid^.

Edith M. Patch, Orono, Maine, will classify on receipt of mature material in good

condition with record of food plant accurately determined on which the species de-

veloped.

Aletrodid^.

J. R. Watson, Gainesville, Fla.

CocciD^ and Aleyeodid^.

W. E. Britton, Xew Haven, Conn., will classify in so far as other work will permit.

CoCCIDiE.

J. G. Sanders, Madison, Wis., will classify species of the genus Lecanium.

R. A. Cooley, Bozeman, Mont., will classify the genera Chionaspis. Hemichion-

aspis and Phenacaspis of the world.

R. H. Pettit, East Lansing, Mich., will classify in so far as other work will permit.

Heteropteea.

Paul S. Welch, Manhattan, KansaSj will classifj', in so far as other work will permit,

aquatic Heteroptera.

Saecophagid.e of the U. S.

R. R. Parker, Amherst, Mass., will classify.

Chiroxomid^ and Mycetophilid^.
O. A. Johannsen, Cornell L'niversity, Ithaca, N. Y., will classify for the privilege

of retaining desiderata.

MrscoiD Flies.

Charles H. T. Townsend, E. S. Xational Museum, Washington, D. C, wih classify

as time permits. Will send names in return for specimens.

EMPIDIDiE.

A. L. Melander, PuUman, Wash, (at the Bussey Institution, Forest Hills, Boston,

Mass., until June), will determine Empididce (Diptera) for the privilege of retaining

desiderata.

Syrphid^.

A. L. Lovett, CorvaUis, Oregon, wiU determine if duphcates are sent.

Itoxidid^.

E. P. Felt, State Museum, Albany, X. Y., wiU classify provided the midges are new,

from new localities or have been reared and food record is available.
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Megastigmus.

C. R. Crosby, Cornell University, Ithaca, N. Y.

Chalcidoidea.

A. A. Girault, Brisbane, Queensland, Australia, will classify.

BOMBID^.
H. J. Franklin, East Wareham, Mass., will classify to limit of his spare time.

Tentheedinid^ and Urocerid^.
A. D. MacGilHvray, 603 W. Michigan Ave., Urbana, 111., will classify in so far

as other work will permit for permission to retain types and specimens not present

in collection.

Aphidiin^ and Opiin^, sub-families of Braconid^.
A. B. Gahan, College Park, Md., will classify on condition that specimens may be

retained if desired.

Sphecid^, Eliding, Aporin^, genus Ichneumon of N. E.

H. T. Fernald, Amherst, Mass., and assistants will classify.

XCHNEUMONID^.

J. H. Merrill, Manhattan, Kansas, will classify, in so far as other work will permit

Rhyssides of the Ichneumonidce.

Apoidea.

E. G. Titus, Logan, Utah. For permission to retain types and specimens not

present in his collection.

Myron H. Swenk, Lincoln, Neb., will classify members of this group from Nebraska,

and any North American member of the following genera—Colletes, Nomada and
Anthidium.

Nymphulin^.
Paul S. Welch, Manhattan, Kansas, will classify in so far as other work will permit,

the family Nymphulinae.

Mr. Glenn W. Herrick: In regard to this report, I would like

to state that if it is published together with the projects of the Bureau
of Entomology, it will occupy about 46 printed pages which is nearly

as msiYiy as are sometimes published in a single number of the Journal
OF Economic Entomology. The projects of the Bureau of Ento-

mology have already been published by the Department of Agriculture

and are available to the members of the Association.

After a general discussion of the feasibility of publishing the entire

report in the Journal, it was voted that the report as presented by
the committee, which would occupy about 16 printed pages, be pub-

lished in the Journal, and that reference be made to the projects of

the Bureau of Entomology so that the members desiring to secure

printed copies of these projects could obtain them from the Depart-

ment of Agriculture.

President H. T. Fernald: I will now appoint the committees

for the meeting:

Committee on Auditing: T. J. Headlee and Franklin Sherman,

Jr.
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Committee on Resolutions: W. C. O'Kane, C. Gordon Hewitt

and George A. Dean.

Committee on Nominations: Wilmon Newell, A. L. Quaintance

and C. P. Gillette.

The next order of business is the action on the proposed amendment

to the by-laws.

Mr. E. p. Felt: It if is in order, I would like to substitute in

the proposed amendment the wwds ''one dollar and a half for ''two

dollars," for annual dues for active members. In explanation of this

I will say that at the present time all members are paying $1.00 for

the Journal. Active Members pay $1.00 membership fee and Asso-

ciate Members 50 cents. If we leave the by-law as it stands and con-

tinue the price of the Journal to members at $1.00, the Active Mem-
bers will receive their membership and the Journal for $3.00; Asso-

ciate Members for $2.00. If the subscription price of the Journal
is advanced 50 cents to both members and non-members, it will mean
that Active Members will pay $1.50 a year for membership fee and

$1.50 a year for the Journal, while Associate Members will pay $1.00

for membership fee and $1.50 for the Journal. This arrangement

will result in placing the additional funds where they are most needed.

Mr. T. J. Headlee: I would like to inquire whether this arrange-

ment will provide ample funds for publication. I have felt that we
need more money for publishing the Journal and that we ought to

take care of all papers that may be presented for pubhcation and do

it rather promptly. I would like to see the Journal grow in size and

serve a larger constituency.

Secretary A. F. Burgess: In answer to the question raised, I

will say that if this motion prevails and the change in subscription rate

is made for the Journal in accordance with the suggestion made by
Mr. Felt, I think the stringency will be relieved and we will be in good

financial condition. I believe we will be able to print a somewhat
larger volume of matter in the Journal but this will depend on how
severely our foreign subscription list is curtailed.

It was voted to adopt the amendment suggested by Mr. Felt and

Article 3, Section 1, of the By-laws was adopted so that it reads as follows

:

"The annual dues of Active Members shall be $1.50 and the dues

of Associate Members $1.00, which shall be payable in advance. No
dues shall be payable from foreign members. Annual dues shall not

include subscription to the Journal of Economic Entomology."
Mr. E. p. Felt: In view of the fact that the Advisory Com-

mittee last year recommended an increase of 50 cents in the sub-

scription price of the Journal of Economic Entomology, I move
that this increase be adopted by the Association.

This motion was seconded and carried.



22 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 8

Secretary A. F. Burgess : In the report of the Executive Com-
mittee a suggestion was made in regard to the possibiUty of holding a

special meeting at San Francisco next year. It appears that the

Executive Committee do not think it desirable to hold the annual

winter meeting there. We have a large attendance at this meeting

and it would seem desirable for a committee to be appointed to con-

sider the matter and report at the last session on the advisability of

holding a summer meeting at San Francisco. I would therefore move
that a committee of three be appointed to consider this matter and

report at the last session.

The motion was seconded and carried.

President H. T. Fernald: I will appoint on this committee:

W. E. Britton, R. A. Cooley, and E. G. Titus.

Secretary A. F. Burgess: My attention has been called to the

fact that Mr. H. E. Summers is not able to attend this meeting on

account of illness. He is one of our representatives on the Council of

the American Association for the Advancement of Science. I would

therefore move that the Chair appoint a substitute to serve in Mr.

Summers' absence.

The motion was carried and the President appointed Mr. J. G.

Sanders to serve in this capacity.

Mr. R. a. Cooley: As has been previously stated, Mr. Summers
is seriously ill and unable to attend the meeting. I move that the

Chairman appoint a committee of three to draw up a suitable telegram

to forward to him expressing the sympathy of the Association and

our wish that he could have attended the meeting.

The motion was seconded and carried unanimously.

The President appointed on this committee : R. A. Cooley, Herbert

Osborn and Wilmon Newell.

The final business session was held Thursday, December 31.

President H. T. Fernald: We will now listen to the report of

the Auditing Committee by T. J. Headlee.

December 31, 1914.

To THE American Association of Economic Entomologists:

Your auditing committee has examined the accounts of the Association, of the

Journal and of the Entomologists' Employment Bureau and finds them to be

correct.

T. J. Headlee,

F. Sherman, Jr.,

Auditors.

On motion, the report was adopted.

President H. T. Fernald: We will now listen to the report of

the Membership Committee by R. A. Cooley.
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REPORT OF THE COMMITTEE ON MEMBERSHIP.

Your Committee on Membership) Recommends

1. That the foUowing named persons be elected to associate membership:

Walter S. Abbott, Vienna, Va.

Arthm- J. Ackerman, Washington, D. C.

Harry W. Allen, Melrose Highlands,

Mass.

Irving L. Bailey, Northboro, Mass.

Geo. W. Barber, Hyattsville, Md.
A. H. Beyer, Columbia, S. C.

M. W. Blackman, SjTacuse, N. Y.

E. B. Blakeslee, Washington, D. C.

L. J. Bower, Salt Lake City, Utah.

Roy E. Campbell, Sacramento, Cal.

Thomas R. Chamberhn, Salt Lake City,

Utah.

James W. Chapman, Forest HiUs, Bos-

ton, Mass.

Robt. N. Chrystal, Ottawa, Canada.

C. R. Cleveland, Durham, N. H.

Geo. H. Corbett, London, England.

Harry F. Dietz, Indianapohs, Ind.

John E. Dudley, Jr., Vienna, Va.

M. W. Eddy, State CoUege, Pa.

Wm. O. EUis, Ithaca, N. Y.

W. T. Emery, Charlottesville, Va.

David E. Fink, Norfolk, Va.

R. J. Fiske, Washington, D. C.

F. H. Gates, Tempe, Ariz.

Hugh Glasgow, Geneva, N. Y.

John E. Graf, Whittier, Cal.

Ernst Hargreaves, So. Kensington, Lon-

don, England.

Bartle T. Harvey, Colorado Springs,

Colo.

Williard H. Hasey, Amherst, Mass.

Chas. C. HiU, Nashville, Tenn.

Harold R. Hogan, Logan, Utah.

A. H. Hollinger, Columbia, Mo.

N. F. Howard, Madison, Wis.

Ralph W. Howe, Tallulah, La.

John C. Hutson, Amherst, Mass.

J. L. Iving, Cleveland, Ohio.

Harry H. Knight, Ithaca, N. Y.

George H. Lamson, Jr., Storrs, Conn.

Walter H. Larrimer, Welhngton, Kansas.

Edgar M. Ledyard, Berkeley, Cal.

Mortimer F. Leonard, Ithaca, N. Y.

CKfton W. Loveland, Providence, R.I.

James F. Martin, Amherst, Mass.

Frank L. McDonough, Batesburg, S. C.

Geo. B. Merrill, Aibonito, P. R.

Phihp B. Miles, Salt Lake City, Utah.

Wm. Moore, St. Paul, Minn.

Wilfred A. Osgood, Durham, N. H.

CM. Packard, Welhngton, Kansas.

Frank C. Pellett, Atlantic, Iowa.

W. E. Pennington, Hagerstown, Md.
C. H. Richardson, New Brunswick, N. J.

Lawrence P. Rockwood, Salt Lake City,

Utah.

Ernest E. SchoU, Austin, Texas.

E. W. Scott, Vienna, Va.

E. H. Seigler, Washington, D. C.

SterHng J. Snow, Salt Lake City, Utah.

E. H. Strickland, Ottawa, Canada.

Frank L. Thomas, Athol, Mass.

Chester F. Turner, Greenwood, Miss.

Jos. S. Wade, Welhngton, Kansas.

Carrington B. Wilhams, Merton, Sur-

rey, England.

Taylor S. Wilson, Wellington, Kansas.

Francis Windle, West Chester, Pa.

William C. Woods, Ithaca, N. Y.

Max P. Zappe, New Haven, Conn.

2. That the foUowing named persons be transferred from Associate to Active

Membership

:

J. M. Aldrich, Bureau of Entomology,

Lafayette, Ind.

E. W. Berger, University of Florida,

Gainesville, Fla.

Lawson Caesar, Provincial Entomolo-

gist, Guelph, Ont., Canada.

H. E. Hodgkiss, N. Y. Experiment Sta-

tion, Geneva, N. Y.

C. W. Howard, Minn. Exp. Sta., Univ.

Farm, St. Paul, Minn.

P. H. Timberlake, Bureau of Entomol-

ogy, Salt Lake City, Utah.

Geo. P. Weldon, California Board of Horticulture, Sacramento, Cal.
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3. The Committee recommends that the following resignations be accepted:

A. B. Cordley, Corvallis, Oregon (Active).

J. C. Gilford, Cocoanut Grove, Fla. (Associate).

R. S. Mackintoch, St. Paul, Minn. CAssociate).

4. The Committee recommends that the Secretary be instructed to notify five

active members and six associate members who are in arrears for dues for two years,

and two associate members who were elected last year and have not paid their

first year's dues, that if such dues are not paid within three months theii* names will

be dropped from the roll.

5. The Committee recommends that the Secretary be instructed to remit member-
ship dues to Mr. Theodore Pergande, Washington, D. C, and retain his name on

the roll.

6. The Committee desires to submit the following:

That the estabhshment of genuine departments of research by manufacturers of

insecticides or by other similar organizations is to be highly commended, especially

when the arrangements therefor take the form of endowment of research fellowships,

thereby placing such work under the immediate direction of college or experiment

station authorities; but in such cases, membership in this association, active or

associate, should inevitably indicate disinterested and scientific investigation in

appHed entomology.
R. A. Cooley,

WiLMON NeW^ELL,

W. C. O'Kane,
Memhershi'p Committee.

On motion, the report was adopted.

President Hi T. Fernald: We will now listen to the report of

the Committee on Resolutions.

REPORT OF COMMITTEE ON RESOLUTIONS

Your Committee Submits the Following:

I. The Association desires to express to Dr. Henry Skinner, Dr. Phihp Calvert

and aU other local entomologists, and to the University of Pennsylvania, its hearty

gratitude for their cordial hospitality and for the admirable facihties provided by
them for the association meetings. It desires to thank also the members of the

Veterinary Faculty who have given their personal services at the sessions of the

association.

II. The Association desires to place on record its deep appreciation of the work
of The Imperial Bureau of Entomology of London, England, ia the direction of

dissemiaating through "The Review of Apphed Entomology" information regarding

the occurrence and control of insect pests in foreign countries, which information the

members of the Association have found to be of very great value in their work on this

continent.

III. The Association affirms its unalterable opposition to any tendency toward

merging the identity of economic or appHed entomology with that of plant pathology,

under the term phytopathology, or other indirectly related but distinct branches of

apphed science; in the behef that such merging is without foundation in logic, utihty

or necessity. . ^ ^ O'Kane,
C. Gordon Hewitt,
Geo. a. Dean,

Co7?imittee.

By vote of the Association, the report was accepted.
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Peesident H. T. Fernald : We will now listen to the Committee

on Bibliography by E. P. Felt.

REPORT OF THE COIVIMITTEE ON THE PUBLICATION' OF THE
BIBLIOGRAPHY OF AMERICAN ECONOMIC ENTOMOLOGY

Although the Committee was authorized by vu'tue of the action taken at the last

meeting, to proceed with the preparation and publication of this bibhography, it was
deemed wise to submit the project to the Federal authorities in a more formal manner.

After some prehminary correspondence and investigation, a communication empha-
sizing the usefulness of the bibhography, outlining a plan for its preparation and
strongly urging its issuance by the United States Department of Agriculture was
forwarded to Dr. L. O. Howard, Chief of the Bureau of Entomology, who kindly

transmitted it together with a recommendation that the plan as outhned by your

Committee be adopted, to Dr. WiUiam A. Tajdor, Chairman of the Committee on

Pubhcations of the Department of Agriculture. This latter Committee, under date

of November 20 last, went on record as being fully impressed with the usefulness of

this pubhcation to working entomologists and as of the opinion that it should be

pubhshed, but in view of the precedent which would be estabhshed by the resumption

of its pubhcation, could not recommend that it be pubhshed by the Department and
the Committee therefore respectfully recommended that it be not approved for

publication.

Your Coi;imittee, after consultation with Mr. Nathan Banks of the Federal Bureau
of Entomology, recommends that this work take the form of an index of American
literature for the decade ending with this year. A comprehensive and detailed plan

has been adopted. It is estimated that the index will make a publication of from

100 to 125 pages which can be sold at approximately two dollars a copy.

Dr. L. O. Howard has kindly agreed to detail a man for the compilation of the

index, and under the conditions obtaining, your Committee recommends that the

preparation of the work be begun at once, and in the event of its being impossible

to find any other satisfactory publishing agency, that the American Association of

Economic Entomologists issue the index in accordance with the plan outlined in the

report which was submitted and favorably acted upon at the Atlanta meeting.

Respectfully submitted,

E. P. Felt,

W. D. Hinds,

W. C. O'Kane,

W. E. Britton,

A. F. Burgess,

Committee.

Mr. E. p. Felt: I want to state that it has taken nearly a year

to exhaust every reasonable resource to secure the Publication of the

Bibliography by the United States Department of Agriculture. The
vote taken at the last meeting provided that if other means could not

be found for publishing the Bibliography that it be undertaken by the

Association and the report that has just been presented, commits the

Association to publish the Bibliography in case no other means of

publication can be secured.
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Mr. Wilmon Newell: I wish to say that I think the Associatioii

owes this Committee a debt of thanks for the effort which they have

made to secm^e the preparation and pubHcation of this BibHography as

it will be a great help to all entomologists.

Mr. W. E. Britton: The plans suggested by the Committee
differ slightly from that followed in preparing the Bibliographies that

were published some years ago. The idea is to prepare it more as

a bibliographical index. It will take up less space and the Committee
believes be more useful to the entomologists than the former pub-

lications.

By vote of the Association, the report was adopted, and the Com-
mittee continued.

President H. T. Fernald: Next in order is the nomination of

Journal officers by the Advisory Board.

Mr. Wilmon Newell: The Advisory Board of the Journal of

Economic Entomology nominates the following officers for the ensu-

ing year:

Editor, E. P. Felt.

Associate Editor, W. E. Britton.

Business Manager, A. F. Burgess.

By motion the report of the committee was adopted.

President H. T. Fernald: We will now listen to the report of

the Committee on Nominations.

Mr. Wilmon Newell: The Committee has found itself in a very

perplexing situation, with a great deal of valuable material to choose

from, so that its main regret is that several presidents could not be

chosen and several additional vice-presidents. The Committee nom-
inates for:

President, Glenn W. Herrick.

First Vice-President, R. A. Cooley.

Second Vice-President, W. E. Rumsey.
Third Vice-President, E. F. Phillips.

Secretary, A. F. Burgess.

Member of the Committee on Nomenclature, Herbert Osborn.

Member of the Committee on Entomological Investigations, E. G. Titus.

Member of the Committee on Membership, J. G. Sanders.

Councilors to the American Association for the Advancement of Science, S. A.

Forbes and C. L. Marlatt.

Director of Employment Bureau, W. E. Hinds.

Members of Advisory Board of the Journal of Economic Entomology, F. M.
Webster and P. J. Parrott.

By vote of the Association, the Chairman was instructed to cast a

ballot for the officers nominated by the Committee. A ballot was

cast and the above-mentioned officers were declared elected.
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President H. T. Fernald: Is there any miscellaneous business

to be acted upon at this time?

Mr. T. J. Headlee: I have been interested in examining the list

of Associate and Active members and it seems to me that there are

some men on our Associate list who should be promoted to Active

Membership, and I would be very glad to see the Committee next

year adopt the policy of promoting more Associate Members to the

Active list.

Secretary A. F. Burgess: I would like to call attention to the

report of the Membership Committee which was adopted by the Asso-

ciation last year. The first section of that report reads as follows

:

''that in the case of Active members desiring to nominate Associate

members for Active membership, they shall file such nominations with

the Chairman of the Committee on Membership at least three months

prior to the annual meeting. Such nominations shall be accompanied

by full information concerning the nominees' publications and other

qualifications.

"

I wonder how many such statements were filed with the Committee

on Membership three months prior to the time of this meeting. I am
not speaking for the Committee on Membership but from the rela-

tions which I have had with the members, I know that they have an

immense amount of work to do. They can do it more thoroughly and

better if they have ample time. I have read this section of the report

of last year while many members are present so that during the coming

year those who know of Associate members who should be promoted,

\\dll take the matter up in time and give the Membership Committee

a fair chance to consider each case.

Mr. R. a. Cooley: I have been on the Membership Committee

for three years and I know that it is the wish of that Committee to

follow strictly the desires of the Association in regard to recommenda-

tions concerning membership. It has come to my attention a number
of times that members of the Association were not fully informed as to

the limits set by the constitution on Active Membership, and also of

the resolutions which have been adopted by the Association from time

to time for the guidance of the Membership Committee. The Mem-
bership Committee has a difficult task to perform but I know it will

welcome suggestions from the members of the Association.

President H. T. Fernald: The Chairman has found it some-

w^hat unpleasant on his part to be obliged to enforce the time limit on

members who have presented papers. Our rules limit the time for a

paper to 15 minutes and it is the custom to consider the amount of

time requested by a member when presenting his title as the maximum
that he will need. If the rules had not been rigidly enforced at this
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meeting, I fear we would not have been able to complete our program.

I would suggest therefore that it will make it much easier for the pre-

siding officer next year if members will estimate more closeh^ the

amount of time which they need to present their papers. I would

also call attention to the reference already made in the report of the

Executive Committee to the preparation of an official seal for the

Association. I am sure the new^ officers will be very glad to receive

suggestions in regard to a proper design for a seal.

Mr. R. a. Cooley: The Membership Committee have found it

difficult to consult the constitution and by-law^s of the Association

OT^dng to the fact that a number of amendments have been made from

time to time since the constitution was printed. I would therefore

move that the Secretary be authorized to have the constitution and

by-laws printed in the Journal during the coming year.

By vote of the Association, the motion was carried and the Secretary

so instructed.

Mr. E. A. Cooley: I wish to report that the committee ap-

pointed to send a telegram to Mr. Summers has done so, extending the

greetings of the Association and its wishes for his speedy recoverj^.

Mr. C. Gordon Hew^itt: I move that the Association extend

a very heartj^ vote of thanks to our President and Secretary, who have

carried on this meeting with such expedition and in such a satisfactory

manner. We all appreciate the difficulties which the President men-

tioned in regard to keeping us within time limits,- and I am sure that

his efforts have been very satisfactory and that we have not suffered

in any degree from the President's very necessarj^ rulings.

By vote of the Association the motion was adopted.

President H. T. Fernald: I am sure that the President and

Secretary both appreciate the kind feelings which you have indicated

in this wa3^

We will now listen to the report of the committee on the next meet-

ing by W". E. Britton.

REPORT OF COMMITTEE ON MEETINGS

Your committee has conferred with a number of members present and aU agree

that a meeting next year in California should not in any way take the place of our

regular winter meeting. Undoubtedly^ an extra summer meeting for field excursions,

papers and discussions would be desirable; it would give western entomologists a

meeting in their part of the country; it would afford an opportimity for eastern men
to visit the Pacific Coast, survey the conditions there and at the same time meet

with their brother workers; a general round-up for interchange of thought and opinion

would surely be a benefit to those in attendance and to economic entomology in

America.

Your committee, therefore, recommends that the Executive Committee of this

Association be authorized to arrange such a meeting for the summer of 1915; that
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the Association hold its next annual meeting in affiliation with the American Asso-

ciation for the advancement of science, and that all arrangements for this meeting

be referred to the Executive Committee with power to act.

W. E. Britton,

R. A. COOLEY,

E. G. Titus,

Committee.

By a vote of the Association, the report was accepted and recom-

mendations adopted.

Mr. E. G. Titus: Inasmuch as there will be a western meeting

next summer, I wish in behalf of the entomologists of Utah to invite

any members going west to stop at Salt Lake City. If you will advise

us when you are coming, we will endeavor to meet you. There are

a number of entomologists in that city and they will all be glad to

receive you.

Mr. R. a. Cooley: I wish to say that in going to California,

you can pass through Montana by travelling on the Northern Pacific

Railroad. We would certainly be delighted to receive you in Montana
and show you every courtesy.

Mr. C. Gordon Hewitt: I should like to add to the remarks of

the last speakers that the Canadian Pacific also offers a delightful and

interesting route to the West. We would be pleased to entertain any
members who may be going that way.

Mr. George A. Dean: Inasmuch as so many have given glowing

invitations, I would like to call attention to the fact that we in Kansas

are right in the center of the United States, and that it is a good

place to break the long journey. We can't give you anything to drink

out there except water, but we can assure you of a hearty welcome at

Manhattan, right on the main line of the Rock Island and the Union
Pacific.

Mr. Wilmon Newell : In connection with the invitations already

presented, permit me to say that there are some people of good taste

and refinement that occasionally take the southern route to California,

and I would go farther and in the language of a New Qrleans restaurant,

would say that ''If you would see and be seen by people of prominence,

take the southern route, " and we would be more than glad to welcome

you and give you consideration for entomological and gastronomical

things. (Applause.)

President H. T. Fernald : If there is no other business, I hereby

declare the twenty-seventh annual meeting of the Association ad-

journed.
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PART II PAPERS AND DISCUSSIONS

Peesident H. T. Fernald: I will ask first Vice-president Herrick

to take the chair.

Vice-President Herrick: We v^^ll hsten to the annual address of

the President.

SOME PRESENT NEEDS IN ECONOMIC ENTOMOLOGY
By H. T. Fernald, Amherst, Mass.

The wonderful progress of economic entomology during the past half

century in this country, and more recently in other lands, has to a

large extent, after all, been pioneer work and the farther exploration

has advanced, the broader the territory has been found to be. Who
foresaw at the time of Dr. Riley's first presidential address in 1890,

that twenty years later entomologists would be studying pellagra,

typhoid, and other diseases to determine the relation insects bear to

them, or that the importation of parasites and the study of insect dis-

eases would perhaps lead to successful methods of control? A few of

those having the broadest vision perhaps, but onh^ a few. Todaj^ if we
examine the fields of investigation awaiting the worker no limits

seem in sight, and each year to come is liable to bring with it the first

steps in paths hitherto untrodden.

Stated briefly, the present needs of the economic entomologist ap-

pear to group themselves under two main heads. These are: first,

more complete and accurate investigation of subjects which have al-

ready been more or less studied; and second, the investigation of new
territory ; w^hile correlated with both are certain needs which are neces-

sary to the successful prosecution of either. To consider som.e of the

subjects under these heads is my purpose today.

It has been said that we do not know everything which should be

known about even one insect. I well remember that when the book

on the gypsy moth appeared in 1896 someone remarked—I think at

one of these meetings—that it was the nearest to a monograph of an

insect which had ever appeared. But if we examine the wonderful

contributions to the life, habits, enemies and methods of control of

this pest which have since appeared, it becomes at once evident how
far it fell short of being what it was supposed to be. Since the appear-

ance of that book the labors of State and United States workers have

probably doubled our knowledge of this insect, and still there is much
more awaiting discovery.



FebniarA-, '15] ferxald: needs in economic entomology 31

If this be true, how much more is it true of m^any others of our most

common pests. How much uncertainty is to be found with reference

to the fall brood of the army worm—what method of spraying is the

best to use for the codling moth—how may we best attack the species

of white grub, wire worms, etc.? But it is unnecessary to multiply

examples. They will occur in too large numbers to all.

First, then, let me make a plea for more exhaustive studies of the

life histories of even our most common pests. Some small, apparently

unimportant point, perhaps already partly revealed, may on investiga-

tion prove the key to a new and successful method of control or at least

solve some perplexing point. Thus the discovery of aerostatic hairs in

young gypsy moth larvae has provided a possible explanation for the

appearance of colonies in unexpected places and has pointed out the

necessity for close watching far bej'ond limits of continuous distribution,

to discover and suppress such colonies before they have become so

large as to make this impossible.

After all, we have thus far been merely skimming the surface in this

part of our work and among other things not the least important is a

thorough knowledge of the lives of our insect foes.

What has just been said also holds good for another class of insects—

•

those which though ordinarily not injurious may at some time be-

come so. When the saddled prominent {Heterocampa guttivitta Walker)

suddenlj^ appeared in destructive abundance a few years ago, the en-

tomological workers in the region attacked were seriously handicapped

by the fact that practically no inform.ation about this insect was avail-

able, and their time was taken, less by giving advice what treatment

to use, than in finding this out for them.selves. Of course, this could

not have been avoided, but nevertheless careful studies of insect&

not ordinarily destructive may at alm.ost any time become of extreme

value.

Another subject which needs much more investigation, is that of in-

secticides. Just as quinine was empirically known as a treatment for

malaria long before the cause of the disease was known, so are a num-
ber of insecticides used in treatment, with no definite knowlege as to

the nature of their action or of their effect on plants. A thorough study

of various materials, both am^ong stomach poisons and contact insec-

ticides, to determine their effect on insects, the way in which they may
be best applied, their action if any, on plant tissue, the range limits of

safety in strength for application, and variation in any of these points

under varying conditions of light, temperature, humidity and other

conditions, should be made with care if we are to learn how and when
to apply insecticides with entire confidence in the results. Xew stomach

poisons are undoubtedly awaiting discovery, yet until ^dthin the last
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half dozen years the possibilit}^ that an5d;hing but arsenic could be used

does not seem to have occurred to most workers. The work of Max-
well-Lefroy along this line in India deserves mention here because of

its pioneer nature.

When on the same da}^ two peach orchards, one in Northern Ohio

and the other in Virginia, are sprayed with the same material at the

same strength, and apparently under practically the same conditions,

and one orchard is severely injured while the other escapes, it is time

for a critical study of all the factors concerned in spraying.

And here I must make a statemicnt which will seem very academic in

its nature. In research experim.entation in almost every case a large

number of factors are involved. Frequently these are light, tempera-

ture, humidity, composition and variations in composition of the

material used, time of year, etc. If we are to obtain positive and con-

clusive results from our experiments we must take into account every

factor which may possibly be concerned, and run a series of experi-

ments in which only one factor shall vary, the others remaining fixed.

This, of course, means a complete series for each factor involved, in

combination with every variation of every other factor. Such experi-

ments take time—often many years—^to produce complete results, but

the necessity for conducting them in this way if the conclusions reached

are to be relied upon, should be self-evident. Yet a careful analysis

of many of the experiments, the results of which have been published

during the last decade, shows that in some cases three, four or even

more of the factors which might influence the results have been allowed

to vary at the same tim.e. Under such conditions as these I claim that

the principle just advanced, even though acknowledgedly academic,

is being so largely ignored that attention should be called to it, and that

work done without due care should receive only such fractional credit

as it deserves, without acceptance as a final dictum.

Some of those present today listened last year to a magnificent

presentation of the methods used in the investigation of pellagra in

the South. Several afterwards remarked that such thoroughly S3^s-

tematized and comprehensive studies could only be carried out with

the resources and staff which the Government alone could supply.

But if this should be true (and I doubt it), this is no reason why such

work as is attempted should not be prosecuted in accord with the

simplest principles of inductive logic, as far as it goes, resulting at

least in reliable records of the ground actualty covered.

The '^bug versus bug" doctrine which has been so actively promul-

gated in various parts of the country is a most attractive one. It ap-

peals to the legislator, to the farmer, and to the business man as a

jiatural and logical method for the control of our increasing insect
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enemies, and it is probable that appropriations for investigations in

this subject can be more easily obtained than for any other form of

entomological work. Much has been done along this line, particularly

b}" the United States Department of Agriculture, and many striking

results have been obtained. If, however, a supposed parasite when
imported and liberated should prove to be a secondary parasite, much
of the benefit of the entire work might be lost, thus emphasizing what

has already been said as to the necessitj^ of a thorough knowledge of

the life history and habits of eyevy insect. The introduction of para-

sites will undoubtedly^ prove an extremely important part of the work

in economic entomology in the future, but it must be conducted only

by the most competent persons and after a thorough knowledge as to

what will happen thereafter in each case.

An examination of the list of subjects under investigation, given

in the Journal of Economic Entomology, suggests one or two points

of interest to consider for a moment. One of these is—How many
subjects can be completely worked out by one man who feels the pres-

sure for publication behind him all the time? It seems likely that

this pressure must often result in premature and imperfect publica-

tions, liable to give misleading impressions. A few years ago, at one

Experiment Station at least, the director would sometimes inquire

whether the entomologist of that station ever intended to get out a

bulletin. Under such conditions one cannot expect the best work,

but instead the production of hastily prepared and fragmentary

papers. Another thought developed by an examination of the list is

that to make satisfactory progress on all the projects named, in

same cases, the investigator must be working twenty-four hours per

day, seven days each week. Such pressure as this can only lead to

an impairing of the quality^ of the work done, and it would seem wiser

to attempt fewer projects and thus obtain more complete and satis-

factory results.

Many other topics might be legitimately touched upon here, but

time will not permit. I therefore turn to the second division of my
subject; viz., the investigation of new territory.

Under this head thete are undoubtedly many surprises in store for

us. The gates to several new fields of entomological knowledge have

recently been discovered and are now standing ajar, giving us glimpses

of what may come. One of these is the field of medical entomology,

and the presidential address before this Association two years ago ably

pointed out the progress which has already been made in that line.

To mention some other topics which promise rich returns to the

investigator is a dangerous task, for in the time available it is impos-

sible to even name them all, and to touch on only a few would seem

4
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to be making invidious distinctions. Yet to everyone, certain subjects

appeal more strongly than others, and on this basis of personal in-

terest alone, a few which have for one reason or another appealed

strongly to the speaker, may be referred to briefly.

The researches of Bachmetjew upon the temperature relations in

insects, followed by those of others who have applied his discoveries

to the preservation of life during the winter—investigations in which

Sanderson and others have been active in this country—are full of

significance. Closely connected to this have been the studies of the

relation of temperature to development, one paper on which was pre-

sented at the last meeting of this Association. It is my behef that

work along these lines has only just been begun, and that the results

will prove of great importance, not only to pure science but to economic

entomology.

Another field which promises to contain much of great value is that

of the relation of food to reproductive activity and to longevity.

Though thus far investigated mainly with reference to parasites, it

would seem to be of importance everywhere, and the subject de-

serves far more extended exploration.

The subject insecticides has already been referred to, but how little

we really know as to the way in which some of them actually kill in-

sects has been most interestingly shown by Shafer. More work in this

field is waiting, and results of an importance which cannot yet be es-

timated are sure to come.

Whether it is possible by methods of plant breeding to produce

varieties having greater freedom from the attacks of insects than those

now in use, is a field which so far as I know has not yet even been seri-

ously considered. The only cases which occur to me are the recom-

mendation to select varieties of wheat which ^Hiller" freely, as a means

of saving wheat fields liable to attack by the Hessian Fly, and the

unfortunate one where two New Jersey nurseries apparently spread

the San Jose Scale over the country in their attempts to find a Cur-

culio-proof plum, and even those do not come strictly under the head

of actual plant breeding. Whether this field will prove productive

no one can tell at present, and actual exploration will be necessary to

determine whether it is to be of any value.

The sensation produced by the appearance of a bulletin a few years

ago upon the arsenical poisoning of fruit trees by spraying is still well

remembered by us all. Here was a new field for exploration and a

number of workers have now attacked this subject. Whatever the

final conclusions reached may be, more information along this line is

necessary, and it may be permissible to suggest that a knowledge of

what ''thou shalt not" do in entomology is ofttimes as valuable as

knowledge in its positive form.
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Insect outbreaks and their causes are as yet entirely without ex-

planation except in such general terms as to leave us as uncertain when
to expect them and how to prevent or prepare to meet them as before.

We guess they may be due to climatic conditions beyond our control

or perhaps to an unusual absence of the natural enemies of the insects

concerned. I- find practically no evidence on the subject, however^

and if climatic conditions are involved we lack any knowledge as to

what these are. We need pioneers to explore this field and can only

hope that some day, even if they cannot tell us how to prevent the

outbreaks, they may discover the principles involved and be able to

warn us of those soon to come. When the entomologist can publish a

notice that the army worm, for example, will appear in destructive

abundance the coming summer, based on anything hke definite cer-

tainty, we may consider ourselves as having made a long forward step

in the progress of the science to which we are devoting our lives.

Whether this can ever become possible is after all aside from the point.

We must explore the field and find out. Personally, taking the prog-

ress of entomology in the past as a criterion, I believe the time will

come when the causes of outbreaks will be thoroughly understood and

their times predicted with nearly as great accuracy as is now done for

the weather.

The possibihty of the successful introduction and spread of insect

diseases through the agency of man has been given some attention

for quite a long time. Thus far the results can hardly be called en-

couraging, for though disease is often very effective, man's relation

to it appears to have been quite unimportant, the factors determining

success seemingly having been beyond his control. Whether this will

always be the case, or whether the introduction of new methods of

work and distribution may place this field in the list of those which

can be profitably tilled, can only be learned by further research. It

is to be hoped, therefore, that workers in this line may continue their

investigations until its possibilities have been fully demonstrated.

Factors which influence the distribution of animals and plants have

been given considerable attention by zoologists and botanists, at

least since the appearance of Wallace's two classic volumes on ''The

Geographical Distribution of Animals." In all the literature on this

subject, however, little consideration has been given to insects. Pass-

ing references, allusions to the presence of different forms in the differ-

ent life zones, and general statements make up the bulk of published

information about insects in this field. So far as I can learn, no argu-

ment bearing on crop raising has ever been provided from this source

of information. The publications of the Bureau of Biological Survey

list the mammals, birds and other vertebrates, and the plants of the
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zones; and shells have occasionally been studied from this standpoint.

Yet particularly within certain areas insects are of great assistance in

indicating zone limits, and the only data available for study are faunal

lists, in which too often the exact localities of capture and the eleva-

tion are unrecorded. We generally even lack a knowledge which
zone a given insect particularly belongs to.

Of course, many insects are so hardy and have such powers of flight

that they cannot be taken into consideration as evidence. Many
others, however, provide us with important information if we only

know how to use it.

It may seem almost outside the realm of entomology or at least

economic entomology to be concerned with distribution except in the

most general way, and it is true that in a number of states—perhaps

a great many—all kinds of insects present at all are liable to be found

anywhere in the state where their necessarj^ food occurs. In many
other states, however, this is far from being the case and the determina-

tion of the zonal limits in those states as indicated by the insects and
supported by other animals and b}^ plants, can lead to modifications

in the crops raised, with direct benefit to agriculture.

To illustrate this by the conditions found in Massachusetts: This

state is general!}^ considered as being mainly in the Transition Zone,

barely touched at one or two points on the south by the upper Austral

and on the north by the Boreal. A study of distribution shows, how-

ever, that the entire southeastern portion of the state, the Connecticut

Valley and two other inlets from the south are inhabited by upper

Austral forms to a greater or less degree, while quite an area in the

western end of the state and spots near its northern boundary have

many Boreal forms.

Knowledge of this of itself, meant but little at first. But when the

elm-leaf beetle had become well established, it was finally discovered

that while it was a serious pest in the upper Austral sections and fre-

quently of some importance in the Transition Zone, it was never suf-

ficiently destructive in the Boreal areas to make treatment necessary.

The elms of Massachusetts are one of her chief attractions, shading

her streets by their high arches, and growing to perfection. Their

value has in some cases been fixed at five hundred dollars per tree, and

nearly every town has thousands of them. Spraying for the elm-leaf

beetle is almost universal in the state and an expenditure of from five

hundred to twenty-five hundred dollars for this purpose each year is

anticipated as a part of almost every town financial budget. Accord-

ingly, when it was discovered that elms growing in the Boreal region

need not be sprayed, thus saving that much expenditure to the towns

concerned, the value of a knowledge of the zonal areas at once as-

sumed an economic importance heretofore unrecognized.
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But another surprise was yet in store. An inquiry from the shore

in Southeastern Massachusetts about a burrowing insect attacking

persons out berrymg in midsummer led to the discovery that this

trouble was caused by the larva of a mite, and attention was at once

directed to the southern ''jigger" and an attempt w^as made to ascer-

tain the northern distribution limits of this Acarid. The data were

decidedly meagre, but the southern shore of Lake Erie and somewhere

along the New Jersey coast were the most northern points from which

reports of attacks either by the jigger or some other similarly acting

pest were received. A scrutiny of records of mammals, birds, plants,

etc., captured in Southeastern Massachusetts was then undertaken

to see if it would throw any hght upon the conditions existing in that

region, and as no collections of insects of any extent seemed to have

been made there, it was planned to take up the subject by spending

time in that territory for the distinct purpose of collecting.

The results thus far have been most interesting though not entirely

conclusive. Numerous mammals, birds and reptiles abundant farther

south but not found north of New York or even Central New Jersey

occur here. Numerous southern plants not recorded from elsewhere

in New England are found on Nantucket where the flora has received

particular attention, and some are present on the mainland. The
insect collections support the view that this part of the state has a

decidedly southern aspect, and taken all together we find a strip here

that is not only upper Austral but to some extent, lower Austral as

well. Meteorological observations show that this portion of the state

in many regards has summers comparable with those much farther

south and that the winters are usually mild as compared with those

only a few miles farther north, and some theory to explain these facts

is, of course, in order.

An examination of the records of the United States Fish Commis-
sion, which has for many years maintained a station at Woods Hole

in this district has thrown some light on this subject. According to

most of our maps the Gulf Stream on its way north apparently leaves

any close proximity to our coast about at Cape Hatteras, swinging

strongly to the northeast. The observations of the United States

Coast Survey and Fish Commission, however, show that this is not

entirely correct. A study of water temperatures during a series of

years indicates that the real western margin of the Gulf Stream is

found not very far east of Nantucket, and also that it varies, in some

years being much closer to the land than at others. Occasionally, in-

deed, it comes so near the land that southern floating animals such as

the Portuguese Man-of-War are swept up Vineyard Sound, inside the

islands, in the current, and other forms belonging much farther south

may be brought in the same way.
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It has been suggested that the strength and direction of the wind
influence the fluctuation of the Gulf Stream, perhaps begun by an
unusual strength of the southeast trade winds and their extension

farther north than is usually the case. Whatever the cause may be,

however, the fact remains that the Gulf Stream swings in and out, its

western edge sometimes remaining near the coast for a number of

years, and with this demonstrated we have a satisfactory basis for the

theory that southern forms may from time to time be brought to the

southeastern shores of Massachusetts in this current, thus accounting

for their occurrence there. It also offers an explanation for their con-

tinued presence, for the near proximity of such a large body of warm
water must naturally affect the chmate of that part of the state, mak-
ing it inhabitable for forms normally found much farther south.

Occasionally a severe winter, particularly when the oscillation of

the Gulf Stream is eastward, must result in the destruction of many
of these transplanted forms, but with the return of the Stream to its

more westerly course the reestablishment of such animals and plants

as may be caught in this current and can survive the journey is likely

to occur.

The practical application of these facts to agriculture comes in their

bearing on the possibility of raising southern crops in the territory

affected. With a summer thus lengthened, and warmer than in most

of the state, the possibility of making use of these conditions to ad-

vantage presents itself, limited only by the nature of the soil and fac-

tors which aside from seasonal features require consideration.

A little work along this line has already been begun in an experi-

mental way, and it has been found that sweet potatoes and peanuts

can be raised on Cape Cod under the usual conditions there. Cotton

might possibly be grown also, if the proper soil conditions could be

found, but this has not been tried. The greatest value thus far re-

sulting from the facts just presented is the realization that crops can

be planted late, to supply the markets after the main season is over,

without danger of their loss by early frost, and this is now being taken

advantage of.

The conditions in Massachusetts have been dwelt upon at some

length, because of familiarity with them; that life zones play a part,

to some extent at least, in many other states is certain. The possibility

of taking advantage of them is something which deserves considera-

tion, and even if no direct economic result is obtained, a knowledge of

the distribution of insects in the zones will be a great and useful addi-

tion to entomology as a whole.

Another present need of economic entomologists is a better knowl-

edge of foreign insects. Modern transportation facilities have ren-
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dered easy the introduction of the pests of other countries, and in spite

of all the laws, supervisory boards and inspectors now actively at work,

some of these pests at least are sure to shp in. To recognize these in

their different stages and to know what steps to take for their control

as soon as they appear are points becoming more important each day,

and any information which can be obtained on this subject would be

welcomed by every entomologist. It is to be hoped that speciahsts

connected with the Department of Agriculture may before long find it

possible to prepare a bulletin in which the worst pests of foreign lands

liable to reach and estabUsh themselves here may be dealt with in

detail, and that illustrations of the different stages of these insects

may be given to aid in their recognition.

The nun moth, to take a^particular case, is regarded as a serious pest

in Europe. When we consider the often difficult conditions under

which our inspectors of imported nursery stock work: in places

poorly lighted, or as night comes on; with work enough often for three

men, and only one to do it; with plants so dense that it is often impos-

sible to get at every part; with earth at the roots, which should not

be removed: and too often also, with only a most general idea of what

may possibly be found; under such conditions as these, we can hardly

be surprised if some day the nun moth may escape observation, and

before discovery, establish itself in this country, and what is true of

this insect is true of many others. Sooner or later then, the American

entomologist must to some degree become a world entomologist and

the sooner his training covers this broader field, the better, for in the

opinion of the speaker, the time must ultimately come when in spite

of laws and inspections the pests of one country will become the pests

of all others except where climate, lack of food, or other natural con-

ditions operate to prevent it.

Whatever fine the economic entomologist may pursue, it is evident

that to reach the best results, more thorough work will be required.

The study of a pest without finding a satisfactory method of control

means either that the investigation was not complete, or else that our

knowledge of control methods is defective. Frequently both are true.

To obtain results of the kind desired, more careful and thorough—

I

may say monographic—work will be necessary. For this a natural

aptitude, coupled with thorough training are essential to the worker,

and in the long run the great results will be mainly achieved by men
of this type. Persistence, attention to details, not knowing when at

any moment one of the smallest of these may provide a solution of the

problem, an active, inductive mind, and extreme patience in working

are factors essential to success.

But whatever the work may be, when success has been attained,
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the problem of publication almost always presents itself as the last

and often by no means the easiest one to solve. Brief papers are fairh'

well taken care of now by the various entomological journals, but the

best work of the future is liable to become more and more compre-

hensiA'e in its nature, and for contributions of this kind there are few

opportunities for publication. One crying need in economic entomol-

ogy at the present time is a place where the results of extended re-

search can be pubhshed in full. An entomological Journal on the

plan of the Journal of Morphology would greatly help in relieving this

condition, though like that journal it is probable that within a short

time papers might be delayed a year or more before publication. Even
then, such a magazine would be of great assistance, and with sufficient

funds to permit of the frecjuent publications of numbers, the problem

would be solved at least for the most part. Such a publication, how-

ever, would probably never pay for its cost and the problem of publi-

cation accordingly becomes one of financing. AVhere is the man who
will establish a publication fund, or the organized body which will

make a supporting grant, for this purpose"? AVhen this C|uestion has

been answered one of the most important present problems of economic /

entomology will have been solved.

Vice-Presidext Herrick: We have listened to this exceedingly

suggestive address by the President. It is customary to defer dis-

cussion until the next session.

President H. T. Fernald: The first paper on the program will

be presented by T. J. Headlee.

THE CONTROL OF MOSQUITOES IN A LIMITED
LOCALITY

By Thomas J. Headlee. Ph.D., Xeiv Brunsinck, X. J.

Introduction

Adequate consideration of the problem of controhing mosquitoes in

a limited locahty involves a careful study of the nature of the breecUng

places T^dthin the proposed limits and an almost equally careful exam-

ination of the environs of the area to be protected. Conditions may
be found wdthin the area or in the territory surrounding it which ^vill

prevent successful work except at prohibitive cost. Any person, cor-

poration, or municipality plaiming to take up anti-mosquito work

should, therefore, have the territory to be protected and its environs

carefulty studied to see whether eft>ctive work can be done at a figure

which he or it is ^^dlling to pay.
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For the past three years two counties in New Jersey have been

tr;^dng to control the mosquitoes within their hmits. For the past

two years two other counties have been engaged in similar work.

Three of these counties—two of which have been working three, and
one, two 3^ears—are sufficiently ahke in their internal and external

conditions to render a comparison of their methods and results of value.

For purposes of discussion, they vnll be referred to as counties A,

and C.

Description of the Counties

County A consists of two rather narrow parallel ridges of high

ground that run northeastward—one on each side of the Hackensack

River Valley. The eastern ridge extends southwestward along the

head of Xewark Bay to the Kill-von-Kull; and New York Bay and the

Hudson River wash its eastern base line. The ridges are rather well

drained but include between them more than 11,000 acres of salt marsh,

nearly all of which, before ditching, bred salt marsh mosquitoes at

some time in the season. The entire area of the county amounts to

about 60.48 square miles of which 17.29 are tidal marsh and sparsely

inhabited. A population of 572,172 people is concentrated on these

two ridges vrith the great majority on the eastern one. To the north

of this county lie the 8,378 acres of salt marsh of the upper course of

the Hackensack River and its tributaries. To the southwest lie the

8,000 acres of salt marsh along the northern, western and southern

shores of Newark Bay and to the southward the salt marshes of Staten

Island.

County B consists of a greatly rolling surface rising from the salt

marsh on the northern and western sides of Newark Ba}^ As one

proceeds northwestward, the ground rises and becomes rougher until

the hills merge into low mountains. The 554,069 people are largely

concentrated in the southeastern section in the city of Newark, but to

the north and westward of Newark the area is also thickly populated.

Of the 129.72 square miles of surface, a little more than 7 are salt

marsh. All of this salt marsh is found along the eastern and north-

eastern boundary between the high land and Newark Bay. County
B lies within reach of the 19,846 acres of Hackensack Valley salt marsh,

the marshes of Staten Island, and the 4,000 acres of County C.

County C surface is much like that of County B but a large portion

is level lying. It begins as a 4,000 acre salt marsh north and west-

ward of Newark Bay and the Arthur Kill, and rises gently to the low

mountains along its western and northern edge. Its entire surface

includes 104.94 square miles. The population is generally distributed,

the largest city, Elizabeth, shomng in 1912 a population of 78,500.
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To a certain extent this county lies within reach of the Hackensack
Valley, Staten Island, and Newark Bay salt marshes.

At this point it should be said that, with the exception of the 8,378

acres of salt marsh along the upper courses of the Hackensack, an

effort has been made to drain all these salt marshes, and that only to a

minor extent do the mosquitoes bred on this exception trouble counties

A, B and C.

The Work of Control

Inasmuch as the plan of organizing a mosquito fighting machine has

already been briefly described to this Association, it is sufficient to say

that the work of control naturally divides into administration (the

management of the work), inspection (the finding of the breeding

places), and elimination (the destruction of breeding places). Neces-

sary to all three phases is the equipment (tools and apparatus), and

education (acquainting the people with the nature and progress of the

work)

.

Administration

Under the head of administration is included the necessary ex-

penses of the commissioners, and the salary and expenses of the chief

inspector and of his deputies, and of the necessary clerical force. The
expenses of the commissioners are small or none. The number of

deputies and the size of the clerical force are variable. County A has

no deputies and has one person to do all the clerical work. County

B has two deputies, one clerk and one stenographer. County C has

one deputy and one stenographer. The variation in percentage of the

total expenditure devoted to administration is, however, small

—

County A spending 13 per cent and 14 per cent in 1913 and 1914

respectively. County B, 12 per cent, 12 per cent and 14 per cent in

1912, 1913 and 1914; and County C, 9 per cent, 13 per cent and 17

per cent in 1912, 1913 and 1914.

Inspection

Inspection includes all work done to find the breeding places of the

mosquitoes, and means on the upland the complete examination of

the entire territory approximately every two weeks throughout the

four to five months of the breeding season. On the salt marsh it

usually means the complete examination of the marsh following each

flooding by extra high tide or heavy rainfall.

These examinations are made in different ways. County A has

made a practice of assigning a district to one inspector and giving him

some laborers. County B in 1912 and 1913 assigned a district to each
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man and made him responsible for its condition. In 1914, however,

a district was covered by a squad and the squads shifted from one

district to another. Countj^ C has adhered to the plan of assigning a

certain territory to one inspector and holding him responsible for its

condition.

It should be said that the inspector is not a permanent employee

and that his tenure begins and ends with the mosquito breeding season.

Two to four inspectors are usually kept on throughout the year for the

purpose of doing ditching and filling work and to serve as teachers for

the inexperienced men of the larger force.

Of the total expenditures the percentage devoted to inspection shows

considerable variation. In Count}^ A 18 per cent and 20 per cent were

devoted to inspection in 1913 and 1914 respectiveh"; in Count}^ B 45

per cent, 31 per cent, 24 per cent in 1912, 1913 and 1914; in County C
24 per cent, 28 per cent and 33 per cent in 1912, 1913 and 1914.

Elimination

Under the term elimination is included all those operations of drain-

ing, filling, oiling, cleaning and stocking with fish that are necessary

to do away with mosquito breeding places. All the small jobs are

attended to by the inspectors as they go about their duties, and a very

considerable part of this work is thus cared for under the head of in-

spection. The treatment of the larger places is a matter for laborers

employed by the commissions or for doing under contract.

A large share of the funds go to this work. In County A 63 per cent

and 61 per cent were used in 1913 and 1914; in County B 33 per cent,

51 per cent and 54 per cent in 1912, 1913 and 1914; in County C 59

per cent, 46 per cent and 40 per cent in 1912, 1913 and 1914. Of the

total expenditures for elimination only a part was used on the upland,

the rest being expended on the salt marsh. Of the expenditure for all

purposes, in County A 31 per cent and 32 per cent were used for elim-

ination of upland breeding places in 1913 and 1914 respectively; in

County B 19 per cent, 21 per cent and 23 per cent were used in 1912,

1913 and 1914; while in County C 32 per cent, 31 per cent and 21 per

cent were employed in 1912, 1913 and 1914.

Thus it appears that about half of all expenditure is devoted to

elimination of large breeding places, and that of this amount about

one-half goes to the upland.

Equipment

Equipment covers spades, hooks, rubber boots, bicycles, motor-

cycles, automobiles, surveying instruments, tapes, chains, office furni-

\
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ture, filing cases and typewriters. As might be expected, there is-

much variation in the amount and kind of equipment used by the

different organizations.

The percentages of the total expenditures for equipment run as

follows: County A, 5 per cent and 4 per cent in 1913 and 1914; County
B, 9 per cent, 5 per cent and 7 per cent in 1912, 1913 and 1914; County
C, 6 per cent, 6 per cent and 6 per cent in 1912, 1913 and 1914.

Education

Under the head of education is included the publication and dis-

tribution of educational pamphlets, the furnishing of newspaper and
magazine articles, the giving of lectures, and the preparation and plac-

ing of exhibits.

With the exception of that used in publishing the annual reports^

very little money has been expended on education. This is not due

to little educational work having been done but to the fact that the

administrative officers and commissioners have furnished much of the

matter and the publishers have printed it without cost to the com-
mission. In nearly all cases, however, it has been found advisable to

prepare and distribute a simple statem.ent of mosquito life history and

control methods.
,

It should, also, be said that one of the most effective methods of

education is found in the prompt and efficient prosecution of persons

who insist on maintaining mosquito breeding nuisances.

Salt Marsh

From the time that Dr. John B. Smith completed his proof of salt

marsh mosquito migration, it has been evident to all students of mos-

quito elimination that in every area w^ithin reach of a breeding salt

marsh, mosquito control depends on the prevention of breeding on

that marsh. This principle holds good for counties A, B and C now
just as it did before drainage.

Drainage has not eliminated all the breeding but has cut it to a

point where it can be controlled. In fact, there are certain parts of

the salt marshes of Newark Bay and the Hackensack River w^here the

ordinary ditching will not do the work of elimination even to this

extent—where it is necessary to dike and tide-gate and in a few in-

stances to pump.

That the commissions realize the importance of the salt marsh is

indicated by the percentage of the total expenditures devoted to salt

marsh work. In County A, 32 per cent and 29 per cent were used in

1913 and 1914; in County B, 14 per cent, 30 per cent and 31 per cent
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in 1912, 1913 and 1914; in County C, 27 per cent, 15 per cent and 19

per cent in 1912, 1913 and 1914. As a matter of fact, the writer

believes that the future will be likely to see a larger percentage go to

the salt marsh instead of a smaller. The control of salt marsh breed-

ing will continue to be a \^ery important phase of mosquito work in

counties A, B and C until the marshes are filled or brought under

cultivation.

A Better Method of Determining the Efficiency of the Work

The writer believes that the greatest weakness of the mosquito con-

trol work, as he has seen it, lies in the fact that the mosquito fighting

organizations are inclined to depend upon citizen complaints and a

little scattering collection of mosquitoes on the wing to determine

whether the work is efficient. The work of the past summer in col-

lecting mosquitoes on the wing, in w^hich Counties B and C cooperated

so fully, clearly showed that between the absence of mosquitoes and

citizen complaints there exists a considerable fauna of mosquitoes and

that so long as this fauna does not increase beyond a certain point the

householder does not recognize its presence. These collections further

showed that regular, systematic, and frequent collections in all parts

of the protected territory indicate the lack of local efficiency in time

to prevent the mosquito fauna from reaching the danger point. It is

the writer's belief that frequent, systematic, and regular night col-

lections of mosquitoes on the wing should be made throughout the

heavy breeding season, and that every mosquito fighting organization

should make arrangements to have the specimens, which are collected,

worked up and the results interpreted within 24 hours of the time the

specimens have been taken.

Cost of Mosquito Control

Table Showing Distribution of Expenditures

CouQtj' A County B County C

Tear

Cost of Mos. Control

Administration

Inspection

Elimination

Equipment
,

Education, Rept. & Miscellaneou:

Salt Marsh

Per capita

Per sq. mile of habitable area

1913

13%
18%
31%
5%
1%
32%
5.07ji

$461

1914

14%
20%
32%
4%
1%
29%
5.42(f

$512

1912

(5-6 mos.)

12%
45%
19%,

9%
' 1%
14%
6.37fi

$249

1913

12%
31%
21%
5%
1%
30%
11.9fi

$375

14%
24%
23%
7%
1%>

31%
n.zii
$357

1912

(5-6 mos.)

9%
24%
32%
6%
2%
27%
W.57i
$117
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In reckoning the total cost of mosquito control, the lump sum ex-

pended should not be considered because the most tangible and imme-
diate benefit derived does not admit of similar aggregation. Stating

the matter in another way, it should be said that inasmuch as the most

tangible and immediate benefit is personal, the cost should be reckoned

on a per capita basis. From this standpoint mosquito control in

County A cost 5.07 cents and 5.42 cents in 1913 and 1914; in County
B, 6.37 cents, 11.9 cents and 11.37 cents in 1912, 1913 and 1914;

while in County C it cost 10.57 cents, 28.22 cents, and 15.89 cents in

1912, 1913 and 1914.

For an explanation of these differences in per capita cost of the work,,

the conditions under which it was done must be examined. The work

of 1912 began late and represents only 5-6 months. During the only

years (1913 and 1914) when the three counties (A, B and C) were at

work coincidently the percentage of the total expenditure, in Counties

A and B, devoted to the salt marsh, was the same while County C spent

about one-half as much as each of the others. The upland area of

County A is only one-third that of County B and less than one-half

that of County C. County A has a population of 13,275 to the square

mile. County B, 4,515 and County C, 1,526.

On the basis of unit area (say per square mile) County A expended

$461 in 1913 and $512 in 1914 as compared with $375 and $357 in

County B, and $272 and $195 in County C. This higher unit-area

cost is not due to poorer drainage conditions, for the upland in County

A is better drained than that of either County B or County C. It

seems rather to be chargeable to the larger number of breeding places

which is incident to a denser population.

On the basis of per capita cost per unit of upland area the results are

quite different. The per capita cost per square mile was 3.4 cents in

1913 and 3.8 cents in 1914 in County A, 8.3 cents and 7.8 cents in

County B and 17.8 cents and 12.8 cents in County C.

It is distinctly indicated by these facts that other things being

approximately equal, the cost of controlling mosquito breeding on the

upland increases per unit of area as the population grows denser, but

that the per capita cost decreases as the density of population increases.

Results of Mosquito Conteol

The results of mosquito control appear in increased comfort and

health, and in increases in property values. No investigation of effect

on property values has been made and there exist no reliable malarial

records on which to base conclusions.

Evidences of results must therefore appear in what the people who
are protected say and do about it. The first evidence is the attitude
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of the newspapers which has become universally favorable. The
second evidence appears in the attitude of the legal representatives

of Counties A, B and C, who seem unwilhng to tolerate any inter-

ference with the law under which the work is done. The third evi-

dence is found in a post card census recently taken by the writer. A
mailing list was made up from the telephone directory—so many A's

so many B's, so many C's and so on through the alphabet, were taken

from the lists of the various cities and towns within the limits of

Counties A, B and C. To each member of this mailing hst a letter

was sent in which the expenditure that had been made during each

year of the work in his county was set forth and he was asked to state

on a stamped addressed card whether he had received an amount of

protection equivalent to his share of the expenditure, and whether he

approved the continuance of the work. One hundred and ninety-one

cards have been received, 117 of which hold that they have had value

received, 52 are doubtful, and 12 are sure they have not. Of the

191 cards received, 178 want the work continued and 13 desire it

stopped.

Pkesident H. T. Fernald: The next paper on the program will

be presented by R. A. Cooley.

THE SPOTTED FEVER TICK (DERMACENTOR VENUSTUS
BANKS) AND ITS CONTROL IN THE BITTER ROOT

VALLEY, MONTANA—A REVIEW

By R. A. Cooley, Bozeman, Montana

The purpose of this paper is to present in the briefest form, a sum-

mary of our knowledge of the Rocky Mountain spotted fever tick

{Dermacentor venustus Banks) in Montana and to outline the control

work now in progress.

This arachnid is the subject of much interest in the northwest for

three reasons: (1) It is the carrier of Rocky Mountain spotted. fever,

(2) Recently it has been shown to be responsible for a new disease of

man and certain domestic animals which has been given the name,

'Hick paralysis, " and, (3) Finally, it is well recognized as a trouble-

some parasite of man and domestic animals.

Rocky Mountain Spotted Fever

By all odds the most important of the three is the relation to spotted

fever. This disease has been scatteringly recorded over a wide ter-
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ritory in the northwest, its distribution following, in a general way,

that of the tick as given below. Spotted fever has not been well known
among physicians in the wide range of territory indicated by the scat-

tering cases reported and it is probable that many cases have passed

unrecognized. It is best known in Montana and Idaho; and' in Mon-
tana interest in the disease centers in the Bitter Root valley where

most of the cases have occurred.

In Idaho the number of cases reported ranges around 375. to 400

per year with an average mortality of approximately 5 per cent ;
^ while

in the Bitter Root valley, Montana, the cases have ranged from 28

downward with an average of about 12 during recent years, but with

a mortality of around 85 per cent. The fact that spotted fever is so

fatal in Montana accounts for this state's being the center of interest

in this disease.

Influence on Property Values and Business

There can be no doubt that the presence of spotted fever has in-

fluenced property values and the volume of business in the immediate

region affected and also that exaggerated reports which have become

current in the United States have injured the reputation of the state as

a whole. Outside of the Bitter Root valley, and the region close around,

spotted fever occurs in Montana; so far as is known, onl}^ in a restricted

area in Carbon county, just north of Wyoming. In Idaho and Wyom-
ing, and in Carbon county, Montana, spotted fever is not much
feared on account of the low mortality and property values are not

much affected.

Evidence Against the Tick

From the fact that ticks and tick bites were found on the bodies of

fever patients, some residents in the Bitter Root valley had formed

the opinion that ticks were the infective agents before scientists an-

nounced this fact.

The tick hypothesis first attracted general attention when Doctors

Wilson and Chowning published the results of their study made in

1902 and 1903. The work of D.octor H. T. Ricketts, under the aus-

pices of the Montana State Board of Health, established the fact of

tick transmission, although somewhat earlier than his work, Doctors

McCalla and Brereton in Boise, Idaho, had actually infected a man and

a woman with the mild form of spotted fever by allowing a tick to at-

tach to them which had been removed from a fever patient. Doctor

Ricketts' work was experimental and methodically carried out. He
repeatedly infected guinea pigs and other animals by means of ticks

iMaxey, Medical Sentinel, Portland, December, 1908.
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under laboratory conditions and he collected ticks in nature and dem-

onstrated their infectivity by allowing them to bite guinea pigs in

which he had previously learned to diagnose the disease with certainty.

As bearing further evidence, it may be stated that the only pre-

caution which the entomologists have taken in the work in the valley

has been against being bitten by ticks and though living in even more

apparent danger than the residents themselves, none has been infected.

Geographical Distribution of the Tick

The spotted fever tick occurs in the following states \' Washington,

Oregon, Idaho, Montana, Wyoming, Nevada, Utah, Colorado, Cali-

fornia and New Mexico. It also extends northward into British Colum-

bia.

Only a small proportion of the ticks in the Bitter Root valley are

infective and throughout the geographical range of the species, only

here and there a locality occurs which contains any infective indi-

viduals.

Life-History

An intimate understanding of the life-history of this tick comes only

through a knowledge of the host relationships in the various stages,

the habits and abundance of the host animals, and the relation of the

development of the tick to the succession of seasons.

These subjects will be briefly reviewed.

Host Relationships.—The larvae and nymphs use very much the

same list of mammals as hosts, and availability is apparently a greater

factor than choice in determining what species of mammals shall be

used. Practically all the species of small mammals occurring in the val-

ley have been found to serve as hosts, but the ground squirrel (Citellus

columbianus) , the pine-squirrel {Sciurus hudsonicus richardsoni) and the

chipmunk {Eutamias luteiventris) , because of their numbers and activ-

it}^, undoubtedly feed the great bulk of all the larvae and nymphs that

secure food. The adults feed only, or with few exceptions, on large ani-

mals. Under the conditions that prevail in the Bitter Root valley, as

distinguished from the contiguous mountains, practically all of the

adults that are fed use domestic animals, horses and cows princi-

pally, as hosts. Back into the mountains, ticks become less abundant,

disappearing almost entirely when the limit of the range of domestic

animals is reached.

Still further back, beyond this limit, in the ^'goat country," as it

is called, or the natural habitat of the Rocky Mountain Goat {Oream-

1 Bishopp. Distribution of the Rocky Mountain spotted fever tick. Circular 136,

Bureau of Entomology, 1911.

5
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nus mountanus) a region which is very wild and very inaccessible, this

tick is exceedingly abundant. There appears to be an exception to the

limitation of ticks to the range of domestic animals, in the mountains
near Victor, where, as Doctor L. D. Fricks has pointed out, ticks con-

tinue to be abundant beyond these Hmits. Outside of this exception,

the number of adult ticks that engorge on wild animals either in the

valley floor, the first reaches in the mountains, or deeper into the

mountains below the goat ranges, is so small as to be of no particular

significance from a control standpoint. Or, in other words, if those

which develop on domestic animals were entirely eliminated, ticks

would scarcely ever be seen by those who reside in the valley and in-

fections would cease.

The ticks are more abundant than elsewhere along the border coun-

try, between the valley and the mountains. The presence of a known
danger there makes this border country less desirable for tillage pur-

poses and it is naturally given over to pasturage, and, as ground squir-

rels are abundant there, the conditions are made perfect for a continua-

tion of the difficulty.

The host relationships may be summarized then by saying that

the mature stages are fed on small mammals only and the adults, prac-

tically speaking, are confined to domestic animals, so far as the habit-

able valley is concerned, with the exception of a certain mountainous

district back of Victor.

These facts have an important bearing on eradication. Domestic

animals can be controlled. By dipping and by other means they may
be kept free of ticks and if the species is prevented from engorging and

laying eggs, it must die out, and with the disappearance of the tick,

the disease must go.

However, certain facts connected with the seasonal history also

have an important bearing on control and these are now discussed.

Seasonal History

Previous workers had believed that the tick completes the life cycle

in one year. When in 1911 detailed records were secured this was

found to be quite impossible. It was found that the winter is passed

both as adults and as nymphs, but that the hibernating individuals

of these two stages belong to different generations. On these grounds,

therefore, it was necessary to conclude that the life-cycle is at least

two years long.

In connection with longevity studies, it has been shown that adults

which fail to secure a host during the first season following nymphal

feeding, do not die but go down to the ground during July and

come up again the next year, in the spring, and continue to wait for a
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host. Thus, it is apparent that a part of each brood may prolong Hfe

in this manner, thus making the cycle three years instead of two.

Studies now under way indicate the possibility of a still further length-

ening of the life-C3^cle.

With these facts in view it is apparent that with ver}^ thorough work

done in a given district, resulting in preventing any females from

engorging and laying eggs for two consecutive years, there still may
be adults present in the third season, or if only incomplete work has

been done for three or four years even, there still will be adults present in

later years.

Control

The foregoing facts regarding the host relationships have indicated

a practical plan of controlling the tick in the valley. It is evident

since engorgement is necessary before egg-laying, that if no adults are

allowed to engorge the species cannot continue. This point is believed

to be of much importance and has led to the adoption of dipping of

domestic animals as a main dependence in the program. There are

two limitations to this method which we recognize, but these we think

are not serious. One is the fact that some adults may engorge on wild

animals, such as the coyote, bear and deer. These animals are not

abundant in the valley and we believe that the small number of en-

gorged adults which they drop may be neglected. The practicability

of getting all owners of stock to dip under the conditions found in the

valley is more serious. If spotted fever affected the animals instead of

man, it would apparently be less difficult to secure the owners' coopera-

tion. A shght danger of injury to the animals is greatly magnified

and the residents Tsdsh to see some other method of tick destruction

developed. The arsenical dip in use has been found to be effective and

we believe that as the farmers gain confidence dipping will be more

generally adopted. However, notwithstanding this limitation many
animals are already being dipped and thereby freed of ticks.

Rodent destruction naturally suggests itself as a method of control.

Ground squirrels are very abundant and the property owners are quite

willing that they should be killed off. Some work in this direction has

been done and there can be no doubt that it is of value in the destruc-

tion of ticks as we have found that this rodent, far more than any other,

is responsible for the feeding of larvae and nymph ticks. The cost of this

work under the conditions that prevail in the region affected is such as

to raise a serious obstacle. This might, however, be overcome if the

killing of this squirrel alone would be a sufficient means of getting rid

of the tick. It is apparent that since the early stages of the tick feed

also on other rodents, other means of tick killing will eventually be

needed. It is not yet clear that with ground squirrels eliminated there
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may not yet be enough 3^oung fed on other rodents to keep up a seri-

ous infestation if domestic animals are allowed in the same territory

and left undipped.

It seems probable that squirrel destruction is desirable only in com-
bination with dipping and that in this combination it will be useful

and lead to an earlier solution of the difficult}^

Recently Doctor L. D. Fricks of the United States Public Health

Service has advanced the idea that the grazing of sheep over tick

country may be useful as a supplementary method in the destruction

of ticks. He has^ found that many adults are killed in the wool of the

sheep. Experimental work and practical tests are being conducted.

The Bureau of Entomology has also made some studies on sheep as

automatic destroyers and has found that some females engorge on the

sheep and produce eggs which hatch.

The work on sheep as tick destroyers is in an experimental stage.

It is not yet clear whether the number that will succeed in feeding to

maturity on sheep will be a serious drawback to this method.

Okganization

The work on tick control in Montana is being conducted under a plan

of cooperation embracing the Montana State Board of Entomology,

the United States Bureau of Entomology and the United States Public

Health Service. The State Board of Entomology was created by the

Montana Legislature in February 1913. The membership of this Board

is ex officio and made up of the secretary of the State Board of Health,

the State Veterinary Surgeon and the State Entomologist. The secre-

tary of the Board of Health is chairman and the Entomologist, secre-

tary. This Board is given authority among other things, to prescribe

and enforce rules and regulations for the eradication of the spotted

fever tick. The two federal services named are engaged in the work

in different portions of the Bitter Root valley, under such legal machin-

ery from the State Board of Entomology as has been found necessary

from time to time.

The technical information concerning the tick on which the control

work is mainly based, has been secured through the joint efforts of

the Montana Experiment Station and the Bureau of Entomology.

The work has been planned and directed by Mr. W. D. Hunter and the

writer, while various men in the Bureau have contributed valuable

assistance. The field work in the Bitter Root valley was done mainly

by Mr. W. V. King, and the breeding and other laboratory work was

done in the Bureau's laboratory in Dallas by Messrs. C. F. Bishopp and

H. P. Wood.
The Bureau of Biological Survey, through Dr. A. K. Fisher, gave
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US invaluable assistance by securing needed information concerning the

mammalian fauna of the valley and nearby mountains and especially

by certain experimental work on the destruction of squirrels. The
field work for this Bureau was done by Mr. A. H. Howell and Mr. C.

Birdseye.

An unusual character of personal service has been willingly given

by those who have been engaged on this problem in the field work.

This applies alike to the pathologists, the entomologists and mammal-
ogists who have not hesitated to go into the presence of kno^Ti danger.

Especial mention should be made of Messrs. King, Tricks, Birdseye

and Wood who have made prolonged stays in the field and finally of

Dr. H. T. Ricketts who through several years was almost constantly

exposed to dangers known and unknown and finally lost his life by

typhus fever while engaged in what was really a part of the spotted

fever investigation and of Dr. T. B. !McClintock who contracted

spotted fever and gave his life, while engaged in the field, a sacrifice

to bis devotion to this cause.

This devotion has not been in vain. There can be no doubt that a

considerable number of lives have already been saved. In spite of the

fact that the population of the Bitter Root valley is increasing and of.

the further fact that the disease is slowly spreading, fewer cases have

occurred in recent years since the work was begun than before. During

the season just closed only one case occurred in the heart of the district

where in former years a high proportion of all the cases have been con-

tracted. The cases recorded this year were with the exception of this

one, from territory where the work was not begun. This is due not to

am' material reduction of ticks as yet, but to the adoption by many
of the residents of the valley of the means of self defense employed by
the scientists who are in the work.

Bringing the spotted fever tick under complete control ^Hll require

some years. The territory involved is extensive and the methods

which will be effective in one district will not be as effective in another.

Educational work among the people must be pushed in advance of

actual control and the life history of the tick is such that thoroughly

effective measures must be pursued through a term of years in order

to secure the desired end.

President H. T. Ferxald: Is there any discussion on this paper?

Vice-President Herrick: I would like to ask Professor Cooley

if the tick was responsible for the paralysis in those sheep shown on

the screen?

Mr. R. a. Cooley: Yes. I would call attention to a recent work
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by Doctor Seymour Hadwin, published in the Journal of Parasitology,

and also to the expression of a definite opinion by Doctor George H. F.

Nuttall of England to the effect that we should no longer hesitate to

say that this is a definite disease. The ticks attached and induced

the paralysis. They often attach on the base of the skull or along the

spine. The paralysis progresses from the lower part upward and the

removal of the tick results in a sudden recovery of the child.

Peesident H. T. Fernald: Mr. F. C. Bishopp has submitted a

title and asked for fifteen minutes. He desires to present two short

papers in this time. If there is no objection, both will be presented

within the fifteen minute time limit.

[The speaker summarized two papers. One is given below. The
other will appear with papers read by title. Ed.]

NOTES ON CERTAIN POINTS OF ECONOMIC IMPORTANCE
IN THE BIOLOGY OF THE HOUSE FLY^

By F. C. Bishopp, W. E. Dove, and D. C. Barman, Bureau of Entomology

The first impression one gains by running over the voluminous litera-

ture relating to the house fly or typhoid fly {Musca domestica Linn.) is

that our knowledge of that insect and its control leaves little to be

desired. To be sure, the admirable investigations of Doctor Howard,

Doctor Hewitt, and many other entomologists here and abroad have

given us complete and reliable information on the vast majority of

points in the life history and habits of this pest and have pointed out

means of their practical application. However some points have not

been determined while others which have been investigated should

receive further attention. The importance of accumulating informa-

tion regarding the biologies and habits of insects of wide distribution

in a number of regions representing different climatological or eco-

nomic conditions, is coming more to be recognized.

At the suggestion of Dr. L. 0. Howard and Mr. W. D. Hunter experi-

ments were undertaken to determine, under Texas conditions, two of

the more important biological questions requiring further study.

These were the duration of the period from emergence of the adult fly

to the deposition of the first eggs (spoken of herein as the preoviposi-

tion period) and how the insect passes the winter. It was thought

best in carrying out these experiments to broaden the inquiry so as to

obtain accurate information on other important points. These in-

cluded: The determination of the duration of the different develop-

mental stages of the insect, the longevity of adults, the number of

1 Fublished by permission of the Chief of the Bureau of Entomology.
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depositions and interval between each, and notes on the effect of tem-

perature and humidity on the several stages. Some part of these are

discussed herein. The character of most of the biological points to

be determined necessitated the use of cages. It is well known that

conditions in cages are always more or less abnormal. This is true

in the tests herein reported, but we feel that by the methods employed

natural conchtions were closely simulated in most cases, thus reducing

this source of error to a minimum. The tables given herein include

representatives chosen from numerous experiments carried out.

The experimental work was carried out at Dallas and Uvalde, Texas,

with supplementary field observations at Victoria, Texas, by Mr. J. D.

Mitchell. The detailed work at Dallas was carried out by W. E. Dove,

assisted by F. C. Bishopp, who planned and supervised all of the work,

and the experiments at Uvalde were carried out by D. C. Parman.

Further experiments bearing on hibernation and certain other points

are now under way at Dallas and Uvalde.

Copulation

In a number of our preoviposition tests frequent observations were

made for copulation. Although continuous watch was not kept on

the flies it is thought that in some cases at least the first copulation

which took place was observed. The date when copulation was

observed in a number of experiments is given under Remarks" in

Table No. 1. The shortest period from emergence to copulation ob-

served was one day. In a number of instances two full days elapsed,

and in other cases copulation was first observed as late as the six-

teenth day after emergence. Of course mating may have taken place

unobserved before this. The time from the first observance of copu-

lation to the first deposition varies greatly. Frequently there appears

to be no direct relationship between the date of copulation and begin-

ning of deposition. We have observed a range of two to thirteen days

between the first copulation observed and deposition.

It appears from our experiments that the time of development or

manifestation of the desire to mate is influenced to some extent at

least by the food of the adults. Thus in a test with two lots of flies,

one supplied with milk and horse manure and the other with partially

ripened peaches and horse manure, the former were first observed to

copulate four days after emergence and the latter sixteen days. In

no case was copulation observed among unfed adults.

The process of copulation is always of considerable duration—^last-

ing. from two or three to as long as fifteen minutes. During the act

the flies usually remain quiet, but if disturbed may fly about consid-

erably without becoming separated. Often prior to copulation and
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after copulation has taken place the sexes fly together or the males

temporarily alight on the females. - This appears to be in the nature

of courting. When not ready to accept the attentions of the male the

female protects herself largely with her posterior legs which are kept

near the tip of her abdomen.

The Preoviposition Period

In 1907, Dr. C. Gordon Hewitt, working in England, found that a

period of fourteen days elapsed between the emergence of adults from

puparia and the first egg deposition by them.^ In experiments at

Hove, England, Dr. A. Griffith determined the preoviposition period

to be ten days.^ Professor A. Berlese has also published results of

observations made by him on the reduction of numbers of the house

fly in S. Vincenzo, Italy, due to the poisoning of adult flies incidental to

the sprajdng of olive trees for the control of the olive fly.^ Professor

Berlese also secured satisfactory results in controlling the insect by
sprajdng vegetation, manure and garbage with poisoned sweets.

In order to determine the preoviposition period a series of experi-

ments were conducted at Dallas and Uvalde. In these tests cages of

various sizes from one foot cubes to cages ten feet square by six feet

high, were utilized; the latter appeared to furnish almost ideal condi-

tions. These were placed in partial or complete shade or in open

sunshine. Freshly emerged flies were used in numbers varying from

a pair to several hundred. Different kinds of food were supplied and

the breeding media were also varied. A few of the experiments are

summarized in table 1.

It Tvdll be seen in Table No. 1 that the shortest preoviposition period

observed at Dallas was four days and the longest twenty days. The
mean temperatures during these periods were 87.5° F. and 68.1° F.,

respectively. The usual preoviposition period during the summer at

Dallas appears to range from four to about nine days. While in

autumn it is probably never shorter than ten days. Although it is

certain that temperature has much to do with the development of the

ova in flies, it is also evident that the food supply, both abundance and

qualitj^, is an im^portant factor. This is well illustrated in the lot of

flies which emerge between August 19, 5.30 p. m. and August 20, 9.30

a. m. and were given nothing but cut peaches for food and breeding

medium as compared with, flies which emerged between August 20,

^ 1910. Hewitt, C. Gordon. The house fly; a study of its structure, develop-

ment, bionomics, and economy, p. 64.

2 1908. Griffith, A. The life history of house flies. Public Health, Vol. XXI,

pp. 122-127.

2 1913. Berlese, A. La distruzione della Mosca domestica. Redia, Vol. VIII,

Pt. 2, pp. 462-472, 4 figs.
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5.30 p. m. and August 21, 10.30 a. m. and were supplied with milk,

peaches, and horse manure. The temperature and humidity in these

two cases were practically identical, yet the flies on peaches required

sixteen days for egg production while those given the variety of foods

deposited in five days.

The humiditj^ also appears to have a bearing on the duration of this

period. In general when the temperatures are high or moderately

high, increased humidity seems to hasten egg la>dng. This is probably

partially due to the effect of humiditj^ on the food and breeding sub-

stances—keeping them moist and thus attractive. Our observations

lead us to think that sunshine, aside from higher temperature, has a

stimulating effect on reproduction and other activities in flies.

The preoviposition periods recorded in the table are the shortest

observed in each lot of flies; in many cases only a few masses of eggs

were deposited in a test. In several tests, with large numbers of flies

under favorable conditions, a number of females began depositing

about the same time, or not more than twenty-four hours later than

the first.

In most of our tests with single pairs the preoviposition periods were

longer than when a number of flies were kept together.

At Uvalde several preoviposition experiments were conducted but

in nearly all the flies failed to deposit. In one test made in June the

period was about six days.

Milk appears to be a good food for ova development. This sub-

stance ^dth manure was found to be adequate for producing oviposi-

tion. Over-ripe fruit with manure was also found to be satisfactory.

The effect of the condition of food on egg production may be illustrated

by referring to Table No. 1. In one instance where railk and horse

manure were supplied deposition took place in six days. In a parallel

test where partially ripened peaches were substituted for the milk, the

&st deposition occurred on the twentieth day after emergence.

Manure either of horses or cattle, appears to be inadequate as a food

for egg production in the house fly.

Based upon our experiments it appears that, in Texas, it is necessary

to capture or destroy the female flies within four days after emergence

in summer and within ten days in fall and early spring in order to

prevent reproduction. The shortness of the preoviposition period as

determined by us emphasizes the importance of laying special stress

on the prevention of breeding by caring for breeding media, as urged

by Doctor Howard, rather than the destruction of adults, as the more

important control measure. This seems especially true in the tropics

and subtropics where the preoviposition period is short, successive

depositions frequent and longevity of the adult reduced.
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Deposition

The determination of the egg-laying period of a fly or group of flies

is important in that it shows the value of destroying the adult at differ-

ent times in its career as relates to reproduction. In most of our tests

the total time from the beginning of laying to the deposition of the last

eggs was comparatively short, the adults often living several days after

the last eggs were deposited.

Dr. A. Griffith, reporting on experiments conducted by him in Eng-

land, says: ''After ten days the mother-fly can lay a new batch of

eggs, which process it repeats at intervals of ten to fourteen days, till

four batches have been layed, when it dies."^ Our observations indi-

cate that in Texas fewer batches of eggs, the usual number being two,

are deposited and that depositions take place at shorter intervals

—

about eight days.

Oviposition was observed to occur on warm days in mid-winter at

Dallas (January 14) and Uvalde (February 5). Depositions may be

expected at these latitudes on mild bright days in winter, especially

if these are preceded by a few days of mild weather.

During cool weather adults seem to choose places for deposition

where the sun is bright and the wind is cut off. They also prefer

portions of the pile where heat is emanating from beneath, provided

the media is suitable. In summer this is less noticeable though in

mornings and evenings sunny places seem preferred.

We have observed a marked tendency to clustering of eggs in one

place on manure piles. In many instances from three to over a dozen

flies have been observed depositing in one spot in a manure pile and

scarcely a depositing fly or an egg could be found elsewhere, although

equally favorable places seemed to exist. This habit of association of

individuals seems to continue to some- extent in the larval stage, al-

though this is probably more dependent on suitable feeding places,

and the fact that the Islyvs^ hatch largely in one mass. Great masses

of larvae have also been observed to pupate in one place. This is

probably due, in part at least, to many of the larvae following the line

of least resistance in migrating and the finding of a place which fur-

nishes proper protection and moisture and is not too compact.

Developmental Periods

Incidental to other observations the developmental periods were

determined in a large series of tests at different times of year. The
total period from the deposition of the eggs to the emergence of adults

1 1908. Griffith, A. The life history of house flies. Public Health, Vol. XXI, p.

123.
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in our breeding experiments ranged from eight days to fifty-one days.

A much longer period was observed in hibernation experiments at

Dallas and Uvalde, Texas. In one of these tests at Dallas a com-

Mned larval and pupal period of six months was observed and in the in-

stance at Uvalde larvae and pupae put in a box with the manure in

which they were breeding on December 13, 1913, produced some adult

flies as late as April 4, 1914, a period of one hundred and twelve days.

The amount of manure was not sufficiently large to generate heat, but

protected the stages from extreme cold. No doubt during the coldest

iveather development was completely arrested.

The data appertaining to a number of the tests to determine the

•developmental periods are given in Table No. 2. In most of these

tests a comparatively small amount of breeding material was used in

•order to observe the stages more closely. Hence these periods, espe-

cially the larval, are in general rather longer than would occur under

favorable natural conditions.

Egg Stage.—The exact incubation period was determined in only

a few instances. In practically all cases it was found to be less than

twenty-four hours even in winter. When eggs are deposited on manure
piles of considerable size the temperature experienced by them is much
above the air temperature during cool weather, and this accounts for

the short periods observed in winter. When eggs are separated from

the mass of manure the period is greatly lengthened during cool

weather. This is well illustrated in two of the lots upon which data

are given in Table No. 2. In one case, eggs deposited on January 14,

1914, hatching of those left on a manure heap took place in less than

seventeen hours, while part of the same lot kept in the laboratory on a

small lot of manure did not begin hatching until forty-one hours after

deposition, and was not complete till eight hours later.

Larval Stage.—The larval stage was found to vary in length from

three and one-half days to about three weeks. In a hibernation test

where the manure was not in a fermenting condition the lar^^al stage

was observed to persist for nearly four months. In one case a period

of a little less than three days was observed. The usual time required

from hatching to the formation of the first pupae during warm weather

was from four to seven days. The temperature materially affects the

larval period but the character and particularly the amount of the

breeding medium was found to be of still greater importance as factors,

imder natural conditions. By character we refer to the kind of mate-

rial, the am.ount of m.oisture it contains, and the degree of fermenta-

tion. In large piles of manure it was observed that to a marked extent

the larvae govern their temperature conditions by penetrating farther

into the manure during cold weather and remaining nearer the surface

when the weather was warm.
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Pupal Stage.—The pupal stage was found to range from three to

at least twenty-six days in our experiments to determine this point

with exactness. The temperature is an important governing factor.

It is probable that its influence on the length of the pupal period is

e'ven more marked than on the length of the larval stage as the pupae

are usually more removed from the heat of the manure and they have

no way of accommodating themselves to changes in temperature, as

do the larvae. In one of our hibernation experiments at Uvalde,

Texas, in 1914, it appeared that a good many individuals remained in

the pupal stage from January 27 to April 4, or over two months.

Breeding Material

As has been observed by many entomologists, horse manure is a

very favorable breeding medium for the house fly. In Texas we have

found them to breed freely in the manure of the chicken, hog, goat,

and to a large extent in pure cow manure, provided other more attrac-

tive media are not present. The latter substance is not as attractive

as some other materials. Decaying vegetable matter and kitchen

refuse also form important sources for fly breeding; this is especially

true around cities where rather large accumulations of each substance

are found. At the dumping grounds around Dallas large quantities of

decaying potatoes were found which seemed to be ideal for house fly

breeding, producing countless numbers of them. Decaying melons

and mixtures of kitchen refuse were also found to breed considerable

numbers. The paunch contents of animals were found to furnish

favorable breeding places for house flies after the bodies of the animals

had been consumed by scavengers. In the grain belt of Texas, Okla-

homa, and the states to the north, the bases of stacks of oat or wheat

straw which had become well rotted were found in some instances to

breed many house flies. The straw during the first year after thrash-

ing, although in a high state of fermentation, is not favorable for house

fly breeding although myriads of stable flies may breed in it. Well-

decayed straw stacks or the remains of stacks after being burned

should be considered in fighting the house fly m rural communities.

Ensilage scattered about silos or in troughs has been found very favor-

able for house fly breeding, and fermenting cottonseed hulls mixed

with bran, etc., in the bottom of feed boxes or troughs have been found

to produce flies bej^ond all expectations.

Longevity

When considering the destruction of house flies in the adult stage

the question of their longevity is one of importance. A number of

experiments upon this point have been conducted in Europe, but httle
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is known regarding longevity in the United States, particularly in the

Southern States. In England, Doctor Hewitt found it possible to

keep house flies alive for seven weeks in the summer time. Doctor

Griffith, in his experiments, also in England, had a fly live for sixteen

weeks.

We have conducted a large number of experiments in Dallas under

v^arying conditions of climate, food, and cages. Representative experi-

ments are cited in Table No. 3. It will be observed that the longevity

is greatly reduced where food is not given; the usual longevity being

from two to three days when no food or water was supplied, while

with food supplied it ranged from a very few days up to fifty-three days.

This maxim^um record was mxade during late fall and early winter.

Food and breeding ijiaterial were supplied and eggs were deposited by
flies in this test. In a few tests horse manure alone was supplied.

This prolonged life slightly but did not seem to form a maintenance

ration, and no eggs were deposited by flies under such conditions.

During summer the usual longevity of flies, in cages at Dallas, supplied

with an abundance of food and breeding m.aterial, was from two to

four weeks. Cool weather invariably prolongs the life of the adults,

correspondingly delaying reproduction, as has been stated.

Hibernation

It has been assumed generally until recently that the house fly

passes the winter in the adult stage only. No definite experiments

have been reported to substantiate this belief, although a considerable

amount of circumstantial evidence ^has been presented by various

authors; such as the observations by Doctor Hewitt, that flies dissected

in fall had much fat stored up in their bodies and in spring this fat

was not in evidence.^ The finding of adults in dormant, semi-dormant

and active states in various situations in mid-winter, and the greater

longevity exhibited by adults emerging late in fall, has also lent weight

to this conclusion. It is our opinion that these conditions do not

necessarily indicate that this species passes the winter in the adult

stage.

Our experiments, as will be shown later, prove that the house fly

can pass the winter in the immature stages in the vicinity of Dallas

and Uvalde. Moreover, in our tests we failed to get adults to live

through the winter. All our observations indicate that flies which

are not kept cold enough to become inactive will either deposit, if the

temperature is sufficiently high, or die comparatively soon. It is

conceivable that some adult flies may happen to find shelter, which

1 1910. Hewitt, C. G. The house fly; a study of its structure, development,

bionomics and economy, p. 364.
6
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will prevent destruction by cold, and yet with temperatures low enough

to prevent activity, and in this way pass the winter. We are inclined

to the opinion that the chances of such conditions being found are small

and that, although some adults may in this way hibernate, the species

is dependent largely on those individuals which pass the winter in the

immature stages, or those which continue to breed during the winter.

Under Texas conditions we are convinced that this opinion is correct.

To determine the ability of the adults to pass the winter at Dallas,

Texas, a cage of screen about ten feet square by six feet high was fitted

up with stacks of boards, burlap, paper, etc., for hibernating quarters.

Over six hundred adults, about sixty per cent of which were males,

were introduced into the cage between November 9 and November
19, 1913. These were mainly newly-emerged adults bred from manure.

Food, consisting of bananas, milk, and water, was supplied. Unfor-

tunatety the fungus, Empusce musccE,wsiS unusually abundant during

this autumn and the flies in this cage died in great numbers. Probably

the majority of them died of this disease. No flies were seen in the

cage after November 28, although frequent observations were made
during the winter, and in spring a thorough search failed to reveal any

living flies in the shelter provided.

At Uvalde, Texas, a similar experiment was conducted, four hundred

adult flies being introduced into a large screened cage between Decem-
ber 18, 1913, and January 3, 1914. The flies were supplied with plenty

of protection and food. They were observed to seek protection in the

rubbish to some extent when the weather became cool. On warm days

they resumed activity, feeding, and copulating in some cases.

On January 20, sixty-four adults were found benumbed by cold

weather outside of the hibernation material. None of these revived.

On January 27, a number were seen to be active in the cage during the

warm part of the day. The last adults (two) observed in the cage

were seen on January 28. No further activity was noted during the

winter and early spring, and no living flies were found on final exam-

ination of the hibernation material.

To test the possibility of adults hibernating in buildings where arti-

ficial heat is supplied, several hundred flies, bred out in a cage in a

small room in the laboratory at Dallas (a great number were also free

in the room), were supplied with food, and fire maintained when the

weather was cold. The adults began emerging December 30, 1913,

from manure infested with larvae put in the cage December 12. Emer-

gence was allowed to continue for some weeks. The temperature fell

to 36° F. on one occasion and once got up to 110° F. for a short time,

but usually ran between 50° F. and 75° F. On January 21 larvae were

found which had developed from eggs probably deposited about Jan-
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uary 16. On February 21, the last fly in the cage died, thus showing

that the greatest possible longevity in this test was fifty-three days.

Turning our attention to our observations and experiments with the

wintering of the fly in the immature stages, we find two instances in

which we succeeded in carrying the species through in the larval and

pupal stages. In one of these tests conducted at Dallas, a large screen

cage situated in the country one-half mile from breeding places of the

house fly was used. On November 26, 1913, about three barrels of

mixed horse manure, cow manure, and straw infested with considerable

numbers of larvse of all sizes and puparia were put into the cage. Some
adults began emerging in the cage soon after the manure was intro-

duced. High water covered the manure pile in the cage early in

December, but emergence continued after the water subsided until the

end of December. No adults were seen to emerge after December 27

until April 16, 1914, when four or five specimens came out, although

larvse were found in the manure in considerable numbers up to March
21. During the latter part of April and early May the manure was

again submerged on account of heavy rains, and during this period

observations were not made. It seems certain that some larvse were

killed by these inundations. However, on Maj^ 26, six vigorous adults

were found in the cage. Observations on emergence were not made
for some time after this.

We thus have shown that the house fly lived in the larval and pupal

stages from November 26, 1913, to May 26, 1914, a period of six

months.

It is probable that having this cage placed in partial shade and the

inundations to which it was subject retarded the development of the

stages, thus accounting for the appearance of adults such a long time

after warm weather began. Attention is invited also to the fact that

larvse remained alive, apparently developing slowly during warm
periods, from November 26, 1913, until March 21, 1914, the last time

the manure was examined. This period covers all of the cold weather

usually experienced at Dallas. Had the larvse, observed on March

21, pupated immediately thereafter and the pupse produced adults in

the usual time, the resulting adults would have found prevailing tem-

peratures sufficiently high to begin reproduction. Hence, we may say

that this demonstrates that the larvse of the house fly may success-

fully pass the winter at this latitude. If the manure pile had been

larger, so as to generate heat, probably the larvse would have pupated

earlier and part of the late winter would thus have been passed in the

pupal stage.

At Dallas, the following monthly mean temperatures were experi-

enced during the winter and spring of 1913-14: November, 62.9° F.;
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December, 45.0° F.; January, 52.2° F.; February, 43.0° F.; March,
54.5° F.; April, 62.9° F.; May, 71.0° F. The lowest temperatures

during the winter were as follows: November, 36° F.; December,
23° F.; January, 25° F.; February, 10° F.; March, 26° F.

A similar experiment was conducted at Uvalde, but with a smaller

amount of manure. The manure, consisting of horse dung mixed with

straw and infested with larvae and pupae, was put in the cage on several

different dates, as follows : December 6, December 8, December 9, and
December 13, 1913. A total of about two-thirds of a barrel of manure
was used. Examinations of the breeding medium made January 14,

1914, and on two subsequent dates, failed to reveal the presence of

any larvae; thus indicating that all had pupated. It is possible, of

course, that some larvae may have been overlooked. Adults con-

tinued to emerge throughout the winter except during cold periods.

The longest period without emergence was between February 8 and

February 16. During this period the daily mean temperature ranged

from 39° F. to 61° F. After March 1, from one to nine flies emerged

daily up to March 18, when for six days no adults appeared. This,

with the exception of March 18 (when the daily mean was 64.5° F.),

was a cool period, the daily mean ranging from 42° F. to 59° F. On
April 1, 2 and 4, respectively, a single adult emerged and no others

appeared after the last mentioned date. During the mnter of 1913-

14 at Uvalde the monthly mean temperatures were as follows : Novem-
ber, 66.4° F.; December, 54.4° F.; January, 55° F.; February, 54.7° F.;

March, 60.1° F. The lowest temperatures during these months were:

November, 41° F.; December, 27° F.; January, 23° F.; February, 22° F.;

March, 27° F.i

Supplementary tests with immature stages were made at Dallas by
placing a large number of larvae and pupae in boxes of manure under

screened cages out of doors. Two thousand larvae of all sizes, and

over one thousand pupae were used in these experiments. They were

picked out of manure, counted and put into small boxes of manure on

December 26 and December 30, 1913. Most of the pupae in these

tests produced adults during January and February. On February 28,

the last time the manure was disturbed, some larvae had pupated, but

a greater number of larvae was present. No adults emerged in this

cage, and when the final examination was made, on June 6, 1914, no

larvae or puparia were found. Possibly ants destroyed them or the

pupae may have rotted and some of the larvae may have migrated,

^ The above temperatures at Uvalde were taken from the Weather Bureau records.

Following are the lowest temperatures recorded at the site where experiments were

conducted: November, 32° F; December, 27° F;. January, 24° F.; Feburary, 22° F.;

March, 28° F.
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escaping beneath the cage. The conditions in these tests were not

favorable in our opinion for successful wintering, as the amount of

manure was small and often it became either too dry or mouldy.

Examinations of chicken manure in poultry houses in mid-winter

showed the presence of considerable numbers of house fly larvae. The
conditions in such situations seem especially favorable for the imma-
ture stages to pass the mnter as the manure generates very little heat,

yet being within the chicken house the insects are not subjected to

excessive cold. Livery barns furnish somewhat similar conditions,

and often great numbers of larvae are to be found in the cracks of the

floors and in corners of stalls. In the South the barns are not heated

and the conditions would thus supply uniformly low though moderate

temperatures during winter. In the North, where barns are kept

heated, there is reason to believe that development and breeding con-

tinues during winter in such situations.

Attention has been called in a previous paragraph to the fact that

flies emerged during winter at Dallas and Uvalde, and that warm
periods occur even in mid-winter which permit of egg deposition by
flies in the open.

Our observations on the wintering of the house fly indicate that, in

the South at least, winter campaigns against the immature stages are

of much importance in control. Destruction of the fly at this time

may be easilj^ accomplished by thoroughly cleaning out stables,

chicken houses, and animal pens and scattering the manure thinly

over fields. Large accumulations of garbage or other breeding media

should also receive attention.

President H. T. Fernald: These papers are now open for dis-

cussion.

Mr. T. J. Headlee: I would like to inquire if a test has been made
to determine the rate of propagation of the screw worm fly and exper-

iments conducted for destroying this fly.

Mr. F. C. Bishopp: We are still working on the biological aspects

but have done considerable work in destroying carcasses. We have

learned that upwards of one miUion adult screw worm flies can be

produced from one. Our main work of destruction is either by burn-

ing or burying. Where we hold the fly down to a minimum, we get

very few infestations of living animals. It is a matter of keeping the

fly reduced to small numbers.

President H. T. Fernald : We will now listen to a paper by W.
E. Britton:
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THE ACADEMIC TRAINING OF THE ENTOMOLOGISTS IN
COLLEGES AND EXPERIMENT STATIONS OF

THE UNITED STATES

By W. E. Britton, Neio Haven, Conn.

In planning this paper, the present writer intended merely to supple-

ment the statistics presented before this association by Dr. L. O.

Howard at the Atlanta meeting a year ago and published in the Jour-
nal OF Economic Entomology, Vol. VII, page 274, June, 1914. It

was not intended to discuss the best methods of training, or what
should be studied in preparation for entomological work; but simply

to ascertain what proportion of these men are college-trained, and what
colleges sent them out into the world. At first the scope of the paper

included only the entomological workers in the agricultural experi-

ment stations and teachers of entomology in the agricultural colleges.

But, there are certain state entomologists, and state horticultural in-

spectors, as well as teachers in colleges and universities which are not

state institutions, all doing creditable work in entomology, and it

seemed best to include them.

As the data concerning some of these men were not at hand, a cir-

cular letter was sent out October 19, in most cases addressed to the

head of the entomological department of each institution, requesting

that information be given regarding the academic training of each

entomological worker in the department. Of more than sixty such

letters sent out, replies were received from about fifty. From American

Men of Science the writer has been able to obtain data regarding the

more prominent entomologists who did not reply, but as a rule could

not find there any information about their assistants.

The figures given here are therefore incomplete because the neces-

sary data about a considerable number of men could not be obtained,

and these men are therefore not included.

From the start I have avoided names which surely must have been

included in Dr. Howard's figures and which would be duplicated

if admitted here. Yet I cannot get away wholly from this duphca-

tion. It must be remembered that Dr. Riley performed consid-

erable state work before he became Government Entomologist; that

his nine Missouri Reports are, and always wiW be, classics in economic

entomology, because his work was so well done and because it was pioneer

work; yet Dr. Riley was for so long a time entomologist of the United

States Department of Agriculture that we shall always think of him

in that connection rather than as state entomologist of Missouri.

Likewise Hopkins, V^^ebster, and Quaintance were all engaged in state
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work, before joining tlie Bureau of Entomology, yet they now seem

so much a part of the Bureau that we can hardly consider them as

belonging elsewhere. None of these men were included in the figures

given in this paper. On the other hand such men as John B. Smith,

and J. H. Comstock, who were once connected with the Department

of Agriculture, and J. M. Aldrich, w^ho has recently joined the Bureau

force, have spent so many years of service in the states in comparison

with the short period in Government service that they seem to belong to

the former instead of the latter and have been so considered.

All present official entomologists and their trained assistants in

the various states are also included. Thus such names as those of

Dr. Hinds, Dr. Morrill, and Mr. Sanders probably figure in both Dr.

Howard's paper and this; and no doubt some have been omitted from

both.

Before progressing far, the original scope of this paper was broad-

ened to include certain eminent entomologists connected perhaps

with museums, or systematists who though perhaps not holding offi-

cial positions as entomologists, nevertheless, like Cresson, have made
notable contributions to our literature.

In the early days of entomology in this country, it should be re-

membered that institutions for higher education were few; the system

of state colleges which now covers the whole country like a net of

lace w^ork has been entirely developed within the past fifty years.

Few of our agricultural experiment stations are more than twenty-

seven years old. Nearly all of the colleges then in existence were of

the classical type; scientific thought and action were just awakening.

It is not strange, therefore, to find that many of the early entomolo-

gists were not college graduates, though some of them studied for a

time at one or more of the existing institutions. I shall take a few

minutes of your time to speak of some of these early workers as well

as some of the later ones who have passed from us.

Dr. Thaddeus William Harris, who was the first great economic en-

tomologist of this country, graduated from Harvard University in

1815, and received his M.D. in 1820.

Thomas Say, often called the father of entomology in America, was

not a college-trained man.

Dr. B. D. Walsh, first state entomologist of Illinois, graduated from

Trinity College, Cambridge, England. Doctor Fitch graduated from

the Vermont Academy of Medicine in 1829, and Le Baron also had

the degree of M.D. and was probably a graduate of a medical college but
,

I have not been able to find any definite record to that effect. Doctor

Le Conte received an M.D. from the College of Physicians and Sur-

geons, and Doctor Horn from the University of Pennsylvania.
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Professor A. S. Packard graduated from Bowdoin college in 1861, and
later received the degrees of M.D. and Ph.D. W. H. Edwards, S. H.

Scudder and F. H. Snow graduated from WiUiams College in the

respective classes of '42, '57 and '62.

Professor F. L. Harvey graduated from Iowa Agricultural College

in 1872; E. A. Popenoe from Washburn College in 1876; D. S. Kelli-

cott from Syracuse University; M. V. Slingerland from Cornell

University in 1892, and W. G. Johnson from Stanford University in

the same year, though having previously studied at Cornell, and at

Ohio State University.

Messrs. Thomas, Uhler, Lugger, Lintner, John B. Smith, and J. A.

Grossbeck apparently received no college training, though Thomas,
Uhler, Lintner and Smith were given honorary degrees.

Among the older workers yet with us Professor Chas. H. Fernald

studied at Bowdoin College, receiving an M.A. in 1871; Professor

J. H. Comstock graduated from Cornell in 1874. Dr. Geo. Dimmock
of Springfield, Mass., graduated from Harvard in 1877. Samuel Hen-

shaw and E. T. Cresson were not trained in colleges though Henshaw
received an honorary A.M. from Harvard in 1903.

The card catalogue upon which this paper is based contains 306

names. Following Dr. Howard's arrangement in grouping them ac-

cording to the part of the country in which the colleges are situated

and adding Dr. Howard's figures for comparison. the results are

follows

:

Outside of

Federal Federal

Service Service ^ Total

From colleges in the Eastern States 117 113 230

121 63 184

From colleges in the Western States 28 31 59

From colleges in the Southern States 15 23 38

Total American Institutions 281 230 511

Total Foreign Institutions 3 12 15

No colleges 22 18 40

30^ 260
*

566

Of course the efficiency of the entomological worker depends far

more upon the personal equation of the man than it does upon his

college training. No college course can quite take the place of actual

experience in field and laboratory. The fact that many entomologists

without college training have become eminent, simply means that

these men had the other necessary qualifications and succeeded in

^ Figures taken from paper of Dr. L. O. Howard, Jour. Econ. Ent., Vol. VII,

page 277.
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College Training of Entomologists

Not in Federal Service

Name of Institution

's

Degree

Degree
S

d

Service

i

o S
H

3
m

'1

m Q 1 O

Alabama Polytechriic Institute 1 1 2 3

Allegheny College . 2 oZ

Amherst College 1 1 1 1

Augustana College 1 i 1 1 1

Baker University 1 1 1

Baldwin University 3 3 3

±>eloit L/Ollege 1 1

1
-1

i 2 1
oo

Brooklyn Polytechnic Institute 1 1 1

xSucKneil College 1 1 1 2

rSuciitel College 1 1 1

1 1 1

1 1
1
1

Clark University 1
-1

1 2 2 2
44

Vviemson (college 4 1 5 1
aO

Colgate College 1 1 1 1

College 01 Physicians and Surgeons 1 1 1

Colorado Agricultural College 1 5 1 7 10 17

Columbia University • 1 1 1 2 2 4

Connecticut Agricultural College 5 5 1
/}
o

Cooper Medical College 1 1

Cornell University 20 24 11 14 63 26 89

JJartmouth College 3 3 1 4

Dela^ware Agricultural College 1 1

De Pauw University 1 1 1

Florida Agricultural College ^ 2 2

Ceorgia State College oi Agriculture 1 1 1
A ' "NT 1 nCerman American Normal College 1 1 1

Ijrerman-Wallace College 2 2 2

Harvard University 6 7 2 5 18 7 25

Jliilsdale College 1 1± 1

lUinois State Normal University 2 2

Iowa State Agricultural College 8 6 9 1 10

Iowa State University 1 1 1 4 5

Iowa Wesleyan University 1 1 1

James MilHken University 1 1 1

Jefferson Medical College 1 1

Johns Hopkins University 2 3 5 1 6

Kansas State Agricultural College ^6 5 9 5 14

^From Dr. Howard's paper, Jour. Econ, Ent. Vol. VII, 279.
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College Training of Entomologists—Continued

Not in Federal Service

Name of Institution
1

fciO MQ a>

Q
CD

Q
"1

c3

c
'Z

"S 0)
_g

d

15 1

O

0
ZQ m

o
ft

"o

TCpnf.n flrv Sffifp TTnivPT'c'if

v

1 1 2

1 1

TCnox dnllpp'P 1 1 1 1

LEf3<y6tt6 Coll6gG 1 1 1

]VIa,ryland. Agriculturtil CoIIg^'g 1 2 1 4 4 8
IVT Q c;c:q p nin Qp+f Q A orT'ipnl'f'ni'Ql (;r*llpcrp 1 25 4 7 27

IVTinViiO'fm A crTipnlfnT'al ("^nllpcrp 2 10 6 12 19

TVTiHHlphnrv O^nUf^o-f^ 1 1 X

l\Tissisc;ir^"ni A OTiPiilf iiVQl r^nllpcrp Qo 3

IVrnTit f^ri A crripnlfnvQl r^/nllpcp 1 1 ]^ 2

3 1 4 9

IxAT'l'.n ( ,QV^\\^^^^ A crT*ipnlf nrril i .rillf^o'fi 2 2 1X 3

Oliiri l^nrfliprn TT'ni'^rprQif 1 1 ]^

OViin Stf^f p TTni"\7prQif

V

6 18 10 2 33 1 7X < 50
OViir* W'^PCilpAT'cin TTnnT'fiT'aif "VT" 1X ]^

( )lrm nriTTiQ A (TT'ipnl"fnvQl i ,rillo(TO 1 1 2 1X o

( ) i". 1 r* A crTi Pii l"i"nT*^ 1 (Irillf^cri^ 2 2 Au 8

Orpcnn A crripnl Hircil r^rillpcp 1 1 2 2
(if.f.Pl^nPITl TTn TXr^^il^Glf AT 2 2 2

o

3 3 9 5

T^Tin pp+.mi TTni'^T'prQif XT' 2 1 3 3

Piirdu6 XJnivGrsity 1 1 1

1X \

TR.iit.p'pi's r^oiipfTP 2 1
.
2 ]^ 3

2 1
'

2 2

Stanford. University 1 6 2 2 8 y 15

S^TJtrnTf.nTY^riT'P i ,r»llofTo 1 1 \

Syr8;Ciis6 University 1 1 1

T^PYfi Q A cyn Pnll".!! 1 f^rillorro 1 1 2 9

TT'nif.prl St.j^fpR A/T 1 1 1 1.
Q
"TV Apf^rlpmv 1X ]^ 1

TT'm"\7'or'Gi'f"A7' of lifrM*"n 1 o 5 2 1 8 1X q

UnivGrsity of Chicago 1 1 2 2 4

ITnivGrsitv of Colorado 1 1 2 1 3

UnivGrsity of Idaho 2 2

UnivGrsity of Illinois 3 8 2 6 15 5 20

4 3 1 5 1 6

UnivGrsitv of Kansas . . . . ; 2 13 10 1 17 5 22

UnivGrsity of Louisiana 2 2

iFrom Dr. Howard's papsr, Jour. Econ. Ent. Vol. VII, 279.



February, '15] BRITTON: ACADEMIC TRAINING OF ENTOMOLOGISTS 77

College Training of Entomologists—Continued

Not in Federal Service

Name of Institution

s

Degree

Degree Degree

a
' 1

1
JO o m o

H
a o

13
t3

ZD m
o
Q

a
c«

O

1 1 2 1 3

1 1 1 2

1 3 2 5 2 7

University of Missouri 5 5 5

1 1

University of Nebraska 4 4 1 8 7 15

1 1 2

1 1

University of Pennsvlvania 1 2 4 6 6 12

1 1

University of Tennessee 1 1 2 3

2 1 3 2 5

University of Utah 3 3

University of Washington 1 1 1 2 3

University of West Virginia 2 2

University of Wisconsin 1 1 1 3 1 4

University of Vermont 1 1 1

1 1 1

Utah Agricultural College 3 3 2

Vanderbilt University 1
/

1 1

Virginia Polytechnic Institute 3 2 3 4 7

Wabash College 1 1 2

Washburn College 1 1 1 1

1 1

Washington University (St. Loiiis) 1 \

2 1 3 3

Western Reserve University 1 1 2 2

Williams College 1 5 2 6 6

1 1 1

Yale University 3 1 1 3 8 5 13

spite of the lack of it. With it their success would have been even

greater.

Realizing that men frequently receive their undergraduate training

at one institution, then go to another for graduate instruction; that

some attend colleges but do not graduate; that it would be of interest

to learn which institutions conferred the bachelor's, master's and

doctor's degrees possessed by our entomologists, the above arrange-

^From Dr. Howard's paper, Jour. Econ. Ent. Vol. VII, 279.
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ment was j&nalh^ adopted in the list of colleges and the number of

entomologists who have sprung from them.

If we combine the number of different men with the similar figures

given last year by Dr. Howard for the Bureau of Entomology, as

has been done in the last two columns in the table, a better general

survey of the subject will be obtained, despite the fact that duplica-

tions undoubtedly occur. These statistics are given in the accom-

panying tables.

Of the institutions attended by the entomologists discussed in this

paper, the Massachusetts Agricultural College leads in the number of

25 bachelor's degrees conferred. Cornell follows with 24; Cornell has

given fourteen doctor's degrees, Massachusetts Agricultural College

seven. As regards the master's degree, Cornell has conferred eleven,

Ohio State Univeristy nine, and four have been given by the Massachu-

setts Agricultural College. In the number of entomologists who have

studied for a time without receiving a degree; Cornell also leads vdth

twenty, and is followed b^^ Ohio State University with eight. Cornell

also is far in the lead, in the number of different entomologists who
have studied within her walls. The following institutions lead the

others in the number of entomologists receiving instruction there:

Men out-

side of

Federal Federal

Service Service Total

Cornell University 63 26 89

Mass. Agiicultm^al College 27 36 63

Ohio State University 33 17 50

Harvard University 18 7 25

University of Kansas 17 5 22

University of Illinois 15 5 20

Michigan Agricultural College 12 7 19

Colorado Agricultural College 7 10 17

Stanford University 8 7 15

University of Nebraska 8 7 5

In the years to come it will be even more essential than in the past

that the entomologist receives a good undergraduate college training

as a foundation upon which to build the superstructure of his pro-

fessional life work.

It is particularly gratifying, today, to learn that so large a number

of institutions are engaged in supplying the need.

President H. T. Fernald: If there is no discussion on this paper,

we will now adjourn.

Adjournment 4.30 p. m.
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Morning session, Tuesday, December 29, 1914, 10.00 a. m.

President H. T. Fernald: The meeting will please come to order.

Vice-President Herrick: I move that the discussion of the pres-

idential address be deferred until later in the session. Carried.

President H. T. Fernald: The first paper on the program will

be read by Mr. A. G. Ruggles.

LIFE HISTORY OF OBEREA TRIPUNCTATA SWED.

By A. G, RuGGLES

Division of Entomology, Department of Agriculture, University of Minnesota

On June 14, 1911, the Superintendent of Parks of St. Paul, Minne-

sota, asked for help in diagnosing and combating a pest on the elm

which was new to him. All the trees along one of the finest avenues

in St. Paul were found with numberless dead leaves hanging from

terminal twigs. The ground was strewn with leaves, reminding one

of the fall season. In order to keep the lawns and boulevards in

shape, the leaves had to be raked up each day and the insect was

proving a nuisance if not a serious pest.

No adult insects capable of doing this damage were seen then nor

upon careful search later. As the eggs found seemed quite fresh, it is

possible that the beetles may have been working at night or that they

were all through ovipositing and had disappeared. In the spring of

1912, no adults nor egg-laying injuries were seen. Owing to a tem-

porary absence from the state in 1912-13, no adult insects causing

the damage have been taken in the field, up to the present time. The
literature available gave only two references to an insect that might

have been responsible for this damage.^ These referred to Oherea

ulmicola Chittenden. The work of this insect and the one in question

corresponded very closely and since that time, in our notes, this insect

has been referred to as Oherea ulmicola. Observations were made
daily for a while, and weekly later, for the entire growing season of

1911 and the entire season of 1912. During my absence from the

state in 1912-13, my assistant, Mr. George Peake, took care of the

collected specimens and brought in new ones from the field from time

to time. In January, 1913, under insectary conditions, and in May,
1913, under natural conditions, the larvae pupated, the adults emerging

ten days to two weeks later.

Since returning to the state, no opportunity occurred to study this

1 Forbes, S. A. Twenty-fourth State Entomologist's Report of Illinois, 1908,

Bull. III. State Lab. Nat. Hist. Vol. VII, Art. 1, pp. 10 and 11.
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collected and reared material until November of the present j^ear, when
the beetles were sent to Dr. Chittenden for identification. He pro-

nounced the beetle to be the common Oberea tripunctata (Swederes).

The literature on 0. tripunctata until a few years back referred only
to the work of the insect on raspberry and blackberry. Hence, I

surmise, according to a statement of Dr. Chittenden's, these were
really references to 0. bimaculata (Oliv.). In 1908, Forbes ^ mentions
this species as being found working on elm and in 1911 as working on
dogwood. As this seems to be a new pest for Minnesota and as the

life-history differs from that given by other observers, it seemed worth
while to bring it to your attention.

Fig. 1. Shows work done b}' adult of Oherea tripunctata and the relative position

of the egg. (Somewhat reduced.)

The Work of the Adult

The elm leaves, as shown in Fig. 1, were found on infested twigs and

at the time the work was suspected to be that of the beetle in question.

(This of course has never been proved.) Many twigs were found com-

pletely girdled in several places, evidently due to more than one beetle

ovipositing. Below the last complete girdle, there was seen a double

irregular slit, evidently made b}" the two ovipositors not quite coin-

ciding, which extended 7 to 8 mm. down the stem to an incomplete

girdle. Half way between these two points, the egg was inserted under

the edge of the slit bark.

^ Forbes, S. A. Lac. cito. and Twenty-sixth State Ent. Rep., Illinois, 1911.
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The Egg

The egg is 2| mm. long and 0.7 mm. in width; cylindrical, with

round ends, smooth and of a j^ello^dsh tinge. Many eggs were

found on one stem, each in its characteristic position, but all the eggs

between the complete girdling next the main stem and the end of the

twig soon perished. Fig. 2 shows the methods of placing the egg in

the t"^ag. The arrow in Fig. 1 and the x in Fig. 2 show the position

of the egg.

Larv^ and Work

The eggs began to hatch June 21, just one week after rny first obser-

vation, and no more eggs were found after June 28. The entrance hole

of the larva was just below the lower end of the egg. In the majoritj^

of the burrows examined, the larvse first tunneled upward and later

returned to continue the burrow downward. Many perished by
emerging at the girdled end. This may be due to their inability to

turn around after emergence or possibly due to attacks of an enemy.

Along the burrow, at short intervals, 6 mm. or more, the larva made
holes through the bark or through an aborted bud out of which it

pushed its borings. Up to October 30, 1911, the longest burrow^ made
was 75 mm. The majority of the burrows, however, were much
shorter. The larvse at this time measured 5 mm. in length and had a

head measurement of 0.6 mm. This, according to the theory of head

measurement, would place the hibernation period in the third instar.

By the last of July, 1912, practically all the larvse had reached the last

stage, having a head measurement of 1.2 mm. In September, 1912,

some burrows were six inches and more in length and in the terminal

portion of the burrow, the larva hibernated. In Minnesota, therefore,

it takes two years for this beetle to complete its life-cycle.

In wood-boring insects, it is very difficult to find moulted skins in

the burrows and practically, therefore, impossible to tell the number of

instars. I have been doing some work on the head measurement of

these wood-boring insects, and a few species of wood-boring beetle

larvse in all their stages have been examined. The head measurement

appears quite constant for a given period which we believe would

correspond to the length of an instar, and therefore, this measure-

ment is preferred to merely length measurements which are sometimes

given with descriptions of larvse. For Oberea tripundata larvse, the

following measurements and descriptions are given

:

First Instar.—Head measurement, .36 mm.; length, 0.8 mm. to 2.6

mm. The young larvse are lemon-yellow in color, at times having an

orange cast. The anterior part of the head and mandibles are a very

7



Fig. 2. Showing detailed work of adult and position of egg (x4)

Fig. 3. A young larva soon after hatching (y6)

Fig. 4. A lateial view of a larva showing the ventral and dorsal ridges (x6)

Fig. 5. A pupa (x6)

Fig. 6. A ventral view of an adult (x6)
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dark brown; the labium is light-colored and seemingly not chitinized.

The posterior area of the dorsal portion of the head is light-yellow,

resembling the thorax in color. A larva just after hatching is only a

little over twice as long as the width of the widest part. The segments

are closely set together. Later, as the larva grows, these separate, as

in the other instars. The shape is typically Cerambycoid; the thoracic

segment immediately caudad of the head having the largest diameter

of all the segments, while the following segments gradually decrease

in size until the penultimate segment is distinctly smaller and the anal

segment distinctly smaller than the preceding. On a distinct anal

ridge on the caudal portion of the first thoracic segment is a somewhat

triangular area in which are short hairs or bristles giving the appear-

ance of shagreening. This area is very noticeable in all the succeeding

instars. Ten transverse rows of short bristles are seen in each sha-

greened area. The third, fourth and fifth rows are composed of larger

bristles while the last few rows are very small and almost inconspicuous.

A number of short, stiff hairs arise from the head and on the lateral

margin of each thoracic and abdominal segment are found three to six

hairs somewhat longer than those found on the head. The posterior

margin of the caudal segment is beset with numerous hairs. Toward
the end of the instar, the segments are plainly distinguished and

dorsal ridges as described in instar number two begin to appear.

Second Instar.—Head measurement, .45 mm., length, 3 mm. to 5

mm. The last three or four rows of inconspicuous bristles in the

shagreened area of the thorax are curved. On the dorsal surface of

each of the abdominal segments, particularly the second to the sixth,

there is a distinct, flattened, ridge-like area. These look like tubercles

in a side-view. (Fig. 4.) The hairs are the same as for the first

instar.

Third Instar.—Head measurement, .66, length, 4.5 mm. to 10 mm.
Besides the characteristics mentioned for the other instars, the seg-

ments of the larvae have a decided moniliform appearance, due to the

prominence of the dorsal ridges and the swollen lateral margins of the

segments. The ventral surface of each segment has also a prominent

ridge.

Fourth instar.—Head measurement, .8 mm., length, 10 mm. to 22

mm. The dorsal ridges are very regular and on the flattened surface,

indistinct shagreening, divided into two distinct lines, each separated

by a median line, may be detected. The ventral protuberances have

minute tubercles and hairs on the surface.

Fifth Instar.—Head measurement, 1.2 mm.; length, 19 mm. to

25 mm. The other characters are very similar to those in fourth

instar.
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Pupa

Pupse were found only in the second year after the eggs were found.

In the field, the}'' were normalh^ found in "May. In two or three weeks,

the adults emerged. They lie naked in the extremity of the burrow.

Length, 13 mm., width, 3 mm.; color, uniformh^ white, at first, later

changing to light yellow. The compound ej^es are dark-brown quad-

rangular areas on the ventral part of the head, close to the base of the

antennae. On the anterior portion of the head, between the base of

the antennae, are two sets of hairs, each set containing two hairs, one

hair usualh^ twice the length of the other. The distal half of the

mandibles are light brown in color and the entire area between the

mandibles is filled with, the sub-triangular clypeus.

The antennae are quite prominent, extending to the base of the

hind femora when the}- curve forward to the base of the front legs.

Adult

Like all the species of Oberea, this is a slender form; length, 12-14

mm., width, 1.5-2 mm. The head, antennae, and middle and outer

and inner margins of the elytra are black. The central area of the

elytiSi, running three-quarters of its length, is usually orange in color.

The head, elytiSi, and thorax are feebh^ punctate, the pits on the

elytra being the more conspicuous. A dense gray pubescence is found

over all these regions. The thorax is yellow or orange in color, and

on the dorsal region has three black callosities. The smaller median

one lies in front of the scutum, while the two larger spots lie one

on each side of the median line.

One of the distinguishing characters of the species is the banding of

the ventral segments. The thoracic segments are black with perhaps

the exception of the part of the metathorax where the yellow legs are

attached. The first segment of the abdomen is j^ellow, the next two

are black, the following segment is A^ellow, while the caudal segment

is black. A slight overlapping of the segment areas b}^ the yellow

bands is often noticed. The yellow portions on some specimens are

often replaced by dark orange. The proximal portions of the legs are

yellow or orange, the tips being dark brown or black.

Parasitism

As mentioned previously in the paper, many larvae perished while

in the burrow toward the cut end of the twig, due possibly to some

predaceous parasite. Many times in later stages, the burrow was

found empt}' with evidences that the larvae had been attacked by
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parasites. For various reasons none were reared. In hunting for

larvae, the presence of empty burrows was very noticeable, so much so

that in the notes taken in 1911-12, it was estimated that there must be

from 50 to 80 per cent of parasitism.

Peevextive [Measures

At the time of the outbreak, it was recommended that all the infested

twigs should be cut out and burned, or that if the tree was trimmed

and pruned properly, the insects would be disposed of. This was

done, to a large extent, and as we heard of no outbreak in 1913, the

trimming must have been effective.

]\Ir. J. ]\I. Aldrich: I would like to ask ]\Ir. Ruggies if he reared

any parasites?

yiu. A; G. Ruggles: We did not rear any parasites. I was away

so much that it was impracticable to attempt to do this.

Presidex't H. T. Ferx'ald: We will now listen to a paper by C.

Gordon Hewitt.

THE BROWN-TAIL MOTH IN CANADA

By C. Gordon Hewitt, Ottawa, Can.

(Paper not received in time for publication.)

President H. T. Ferxald: This paper is now open for discussion.

Secretary A. F. Burgess: Last spring, through the courtesy of

Dr. Hewitt, I had an opportunity to visit New Brunswick and Nova
Scotia and go over a part of the infested territory. This made it pos-

sible for me to see the difficulties under which his men were obliged to

work during the long cold Tvanter which is usually accompanied by
deep snow.

The territory is not provided -with good transportation facilities,

particularly in New Brimswick, and this makes it very difficult for

the men to do the work.

I was greatly impressed with the conscientious and hard work which

had been done by the field men in that territory. Dr. Hewitt has

indicated the distribution of the brown-tail moth in Nova Scotia and
New Brunswick, the outer line representing the territory found in-

fested in the Tvdnter, 1913. In the spring of 1914, we made a trip

through the southern part of New Brunswick from St. John to St.

Stephens; thence to Woodstock, New Brunswick, and Houlton, Maine,

and returned to St. John.
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Another da}^ was spent in the Annapolis Valley in Nova Scotia.

During this trip, I did not see a brown-tail moth web, although a great

many susceptible trees were hastily examined. This indicates that

good work had been done by the field men. It also indicates the dif-

ference in condition of infestations in that territory from what is found

in some of the New England States.

Dr. Hewitt mentioned a series of experiments that are being car-

ried on by his assistants to determine the relation of temperature to

the successful hibernation of brown-tail caterpillars. Last winter,

particularly in the northern part of the infested territory in New Eng-

land, large numbers of the brown-tail moth caterpillars died in the

webs. Although we do not know accurately the exact causes, we be-

lieve that temperature and humidity were very important factors.

For several years, some experimental work of this sort has been

carried on by the Bureau of Entomology and by some of the states,

particularly New Hampshire, and some general conclusions have been

reached in regard to the effect of temperature on hibernation. The dif-

ficulty is the impossibility of securing accurate temperature records

so as to determine the degree of temperature which will cause winter

killing and whether fluctuations are important in this respect.

We have come to the conclusion in our work that it is necessary to

have a continuous temperature and humidity record at the locations

where periodical collections are made during the T\dnter. Experiments

are being conducted this yesir along this line, stations having been

secured at approximately sea level and at an altitude of about one

thousand feet. Continuous records are being taken at these stations

and collections of webs secured periodically and examined to deter-

mine the condition of the caterpillars.

Hearty cooperation has existed between the Bureau of Entomology

and the Dominion Entomologist in connection with the introduction

of parasites into New Brunswick and Nova Scotia. In cases where

the parasites of the gipsy moth and the brown-tail moth attack more

than one host, it is possible to attempt a colonization of the parasites

before these pests become established. This work, however, is largely

experimental.

We have cooperated during the past summer with Professor W^eb-

ster, who has charge of the Cereal and Forage Crop Insect Investiga-

tions for the Bureau of Entomology. He supplied a man during the

summer to make collections and we have rendered such assistance as

was possible in securing Compsilura and Calosoma for shipment to

New Mexico in order to test the value of these species as an enemy of

the range caterpillar.

We have colonized parasites in all the New England States this
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year and have carried on very successful cooperative work with Pro-

fessor O'Kane in New Hampshire.

Mr. W. E. Britton: Knomng as we do the general tendency of

the brown-tail moth to spread toward the north and east, I think it

would be interesting if Dr. Hewitt would explain why the southern

end of Nova Scotia is not generally infested.

Mr. C. Gordon Hewitt: Answering these inquiries as they are

made, I would like to say in reference to Mr. Burgess' remarks concern-

ing the effect of humidity, that we find in Nova Scotia, judging from

our own results along here (indicating on the map), that the average

minimum temperature is higher than the minimum temperature in the

interior of New Brunswick. Owing to the occurrence of greater hu-

midity along the shore of the Bay of Fundy than in New Brunswick,

we find a greater percentage killed at a higher minimum temperature.

It is very evident that humidity exercises a very great influence along

this region in Nova Scotia (indicating the Annapolis Valley), where

the fogs are effective.

In regard to Dr. Britton's inquiry as to w^hy the central region of

the eastern part of Nova Scotia is not infested, I cannot explain that

except in the absence of the chief food plants. This portion of Nova
Scotia (indicating) has a very peculiar geological formation. It is

largely coniferous and unsettled except here and there. Such occu-

pied lands are usually infested, but we never found any webs in the

scouting trips which have been made across the forest and lake region.

The large flight in 1913 resulted in the infestation of the southeastern

region including Shelburne County. We had observations made on

Sable Island by the lighthouse people, who collected and submitted

for examination all the moths they could capture at the light. We
did not find a single brown-tail moth but we found moths of the army
worm in these collections.

A Member: What is the minimum temperature in New Bruns-

wick?

Mr. C. Gordon Hewitt: The minimum temperature in New
Brunswick in the infested region last year, I think, was, so far as our

records show, 30.5 degrees below zero at St. Stephens. We found in

Nova Scotia that one hundred per cent of the larvae were killed at a

number of points where the temperature went to 22 degrees below.

A Member: In New Hampshire as high as 95 per cent have been

found alive at a temperature of 30 degrees below.

Mr. C. Gordon Hewitt: We found them in New Brunswick with

minus 30.5 degrees Fahrenheit temperature.

President H. T. Fernald: We will now pass to the next paper

by Mr. C. H. Hadley, Jr.
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CONTACT SPRAYS FOR BROWN-TAIL CATERPILLARS

By C. H. Hadley, Jr., Durham, N. H.

{Paper not received in time for publication.)

Secretary A. F. Burgess: Mr. Siegler, one of Professor Quain-

tance's assistants, carried on some experiments with insecticides to

determine their effect on brown-tail moth caterpillars. I think his

results might be interesting.

Mr. E. H. Siegler: Under the direction of Mr. Quaintance,

experiments with various miscible oils, alone and combined with

nicotine sulphate, were conducted in Maine and Massachusetts during

the season of 1913. The first test of the spray materials was directed

against the brown-tail nests and later, when the larvae were emerging

from their nests in maximum numbers, a second spray application was
made.

A few days following the spraying of the nests, the nests were cut

and removed to the laboratory at Melrose Highlands, Mass. Although

the nests had been thoroughly drenched with the spray materials, the

larvae emerged apparently unaffected. The structure of the winter

nests makes it difficult for a spray material to penetrate sufficiently to

kill the insects within. Furthermore, with large trees, it is difficult

to thoroughly drench the nests unless a large amount of spray material

is used.

As soon as the brown-tail larvae were emerging from their nests in

maximum numbers, they were sprayed with the miscible oils and

nicotine solutions. This work was carried out both in the field and lab-

oratory. In all instances the larvae were thoroughly drenched. The
results were not satisfactory. Owing to the hairy covering of the lar-

vae, the spray materials stood in small drops at the extremity of the

hairs, apparently not coming in actual contact with the body of the

larvae. The only material which gave satisfactory control was pure

kerosene. This could not well be used owing to the probable injury

it would cause to the host plant.

Mr. C. H. Hadley, Jr.: The experiments which we conducted

were on small trees and in some cases we used eight quarts of material

to a single tree. So far as possible, we aimed to drench the caterpillars

in order to give the insecticide a good opportunity to penetrate. It

is doubtful if we would use as large an amount of material in our spray-

ing operations.

President H. T. Fernald: Is there any further discussion?

Mr. T. B. Symons: I move that we now take up the discussion of

the President's address. Carried. Vice-President Herrick takes the

Chair.
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Vice-President Herrick : Personally, I was much impressed with

two points—one the emphasis laid upon the desirability of more ex-

haustive studies on the life-history and habits of insects. That I

think has been emphasized by certain results obtained lately. I think

many of us have felt that the extensive work of Professor Slingerland

on the peach-tree borer precluded the necessity for any further work

on this pest. I understand, however, that further work on the habits

and life history of this insect by Professor Scott has enabled him to

develop a method of control which is very efficient. This emphasizes

the need of further study of the life-history and habits of other insect

pests.

Another point emphasized was more careful studies of insecticides.

Undoubtedly Dr. Felt has brought together a good deal of proof that

miscible oils are injurious to trees under certain conditions, but during

the last two or three years we have applied miscible oils to a great

many trees at certain stages, and in no case found injury to these trees.

Unfortunately, we do not know just the conditions that bring about

injury in some cases and no injury in other instances. This, it seems

to me, emphasizes the need of more careful and thorough study of

insecticides.

I hope there will be further discussion of this address.

Mr. J. G. Sanders: I was deeply interested in one point brought

out by the President regarding the necessity for very careful study of

all stages of the life history of economic insects; which was empha-

sized by the speaker. In our work on the control of the onion maggot
in Wisconsin during the past four years, and in working up the lit-

erature relating to the control of this species, we have noted a large

number of remedies recommended for the control of the onion maggot,

numbering I think over sixty. Practically all of these remedies have

been recommended for the destruction of the egg or larva already

placed on or adjacent to the onion plant, while a few methods were

intended as repellents against the adult fly. It seems that no effort

had been put forth to kill the adult fly before oviposition.

In a careful study of the life-history of the onion maggot it was de-

termined that a period varying from 10 to 14 days elapsed after the

emergence of the adult female before fertile eggs were deposited. It

seemed that if an effective means of killing the adult fly during this

period could be obtained, it might possibly prove an effective control

for this pest. We have determined an effective poison bait spray

which works satisfactorily with the adult fly and seems to be a very

practical and effective control for the onion maggot, in some cases to

the extent of 95 per cent to 98 per cent, while a check plot adjacent

was injured to the extent of 75 per cent.
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The poison bait spray used is composed of five grams of sodium

arsenite dissolved in a gallon of boiling water into which is thoroughly

mixed a pint of New Orleans molasses. This bait is applied as a coarse

spray of large drops once a week in strips across the onion field through-

out the summer. The results show almost perfect control at a cost

not to exceed 50 to 75 cents per acre for the summer treatment.

The results of this treatment serve to emphasize this point in the

address of our President relating to a more careful and thorough study

of all stages of our economic insect pests with a view to finding the

most vulnerable stage in their life history. I really believe that more

attention should be given to the destruction of tlie adult insects where-

ever it is feasible.

Mr. E. p. Felt: I tliink most of us would heartily endorse what

our President conveyed in his message of yesterday, and while I do

not care to discuss the addi^ess as a whole. I would like to refer to two

matters, namely, the study of life zones and the prediction of insect

outbreaks.

We are located next to Massachusetts, and if we had desired to do

so, could have brought a map of Xew York State shoeing very nearly

a duplication of the conditions described in Massachusetts. 'Move

than that, we are using this general knowledge of life zones in our rec-

ommendations and are finding in that connection some interesting

and important economic applications. AVe began studying life zones

in a general way in 1898. and while we have not given a large amount

of time to the investigation, it is a matter which has been constantly

^in mind. At the outset we made some temperature calculations, and,

among other things, found probable extensions of the upper austral

zone^lmost to Lake George and Lake Champlain. We have in Xew
York State, certain insects rather closely confined to this zone. This

is fairly well marked in the case of the San Jose scale and the elm-leaf

beetle. Five or six years ago the latter began to be injurious at Glens

Falls (altitude 300+ feet, soil sandy), a locality considerably north of

the usual recognized boundary of the upper austral hfe zone. At that

time I gave an opinion in the belief that this locality lay in the transi-

tion zone, to the effect that there was a fair chance of the insect not

proving injurious. Subsequent developments showed that this insect

was injurious not onh^ there but also at Ticonderoga ( elevation about

200 feet) on Lake Champlain.

An important point in this connection is that the northern extension

of the upper austral life zone and of insects associated there^dth, may
be brought about in two ways. In the first place Ave have a great

prolongation northward of land only a little above sea level, and in

the second, and fulh' as important in some respects, is that north from
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Albany there is an extensive sandy area. Land of this character

absorbs large amounts of heat in the daj^ime and gives it off at night,

thus preventing during the active groT\ing season, dangerously low

night temperatures and permitting a greater extension of the upper

austral life zone than would be possible otherwise. For example, the

well-knoT\'n southern Sphecius speciosus has been taken for several

years in succession on the sand}" plains west of Albany.

We have endeavored to trace the connection between climatic con-

ditions and insect outbreaks, because we realize that if we could say

to our farmers: '^Certain weather conditions are favorable or unfa-

vorable for the development of injurious insects," we had something

of practical value, pro^dded it was not carried too far. We are satisfied

that abnormally low temperatures continued late in the season mean
favorable conditions for outbreaks of apple plantlice.

Another interesting matter is in connection ^dth the elm-leaf beetle.

In 1912 and again in 1914, in a little "village (Xassau) fourteen miles

from Albany and having an elevation of about 400 feet, we have had

a large number of elms under personal observation. In the early

spring of both seasons, elm-leaf beetles appeared in numbers rather

abundantly and deposited many eggs, a condition preliminary to exten-

sive and serious injuries, which latter failed to develop as expected.

We carefully examined the temperature records for the month of June,

covering a period of ten years, and found in the case of the two yesns

mentioned above, a marked decrease in the average temperatures dur-

ing the middle ten days of the month, namely June 11 to 20 inclusive.

This is a time when, under normal conditions, in our latitude, egg-

laj-ing should be at its maximum. It is necessary, in our estimation,

that there should be a coincidence between the period of low tempera-

tures and the time when oviposition is at its height, otherwise these

vital functions, such as the deposition of eggs, their hatching and the

development of the 3'oung larvae, may simply be delayed rather than

inhibited. Under our conditions it would appear that when the sum
of the maximum and minimum temperatures (F.) for a ten-day period

for or about the middle of June does not exceed 1,250, the proba-

bilities are that egg-lajdng will be checked and that an unusual mor-

tahty will occur in both eggs and young grubs. This is simply a ten-

tative proposition and is a hne of investigation which must be followed

with, caution.

A little farther east from Xassau, at an elevation of approximately

800 feet, and surrounded by ridges running close to 2,000 feet, there

seems to be relatively little injury from this insect, presumably due to

the fact that the minimum spring temperatures prevent a normal and

vigorous development.
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This may possibty be applied more generally as soon as we recog-

nize the vital factors and realize the connection between the period of

maximum oviposition and adverse climatic conditions.

Vice-President Herrick: I would like to ask Dr. Felt if he knows
the altitude of Ticonderoga?

Mr. E. p. Felt: Approximately 200 feet.

Mr. C. Gordon Hewitt: I should like to add a word of praise to

what has been already said regarding Dr.Fernald's presidential address,

so full of suggestion and admirable counsel. We find especially in Can-

ada the truth of his remarks in regard to the necessity of working out

more carefully and completely the life-histories of many known inju-

rious insects. We have not had many workers in the past and have

found it necessary to rely very largely on the results of investigations

obtained in the United States. We are now finding on investigation

that in many instances we are mistaken and that we have not been

advising the best methods in the control of some of our common in-

sects; therefore, I appreciate very fully the significance of the state-

ment that further intensive work is necessary as all ^dll agree.

I was much interested in the second part of the address, in regard

to the new fields of work, especially those which concern us, for exam-

ple, relation of temperature to insects. The factors governing the

distribution of insects concern us very closely, especiall}^ in regard to

the question as to what insects now occurring and injurious in the

United States are likely to find congenial conditions for injurious activ-

ity when they arrive in Canada. I think from the fact that we have

not found so manj^ destructive insects as we might be led to expect

would appear to indicate that certain species have reached the north-

ern limit of their destructive powers.

I was especially interested, too, in the President's remarks on the

necessity of our becoming more familiar with the relation of food to

reproduction and longevity. There was one point that Dr. Fernald

did not mention (he naturally could not cover the whole ground of

new work), and that is the desirability of securing information cover-

ing or bearing on the relations of the Chemotaxis. The recent excel-

lent results obtained by Messrs. Dean and Hunter and others in the

use of poisoned bran, made attractive by lemon and other fruits, is a

long step forward. Dr. Tragardh in Sweden and Mr. Howlett in

India have given us much information regarding the attractiveness of

various chemical substances. It is certain that this line of inquiry

will open up a new field of immense practical value in the control of

insect pests.

We all appreciate, I am quite sure, the great importance of a gen-

eral knowledge of foreign insects. As is well known to all the members
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here, the British Empire has been endeavoring to overcome our lack

of knowledge of the insects of foreign countries, and in 1912 the Impe-

rial Bureau of Entomology was formed in London, one of the first and

chief functions of this Bureau being to collect information regarding

insect pests and to distribute that information to the various British

countries and possessions. Most of the members in this meeting are

able through the Review of Applied Entomology published by the Impe-

rial Bureau to make use of that information. This is one of the chief

steps in the direction of making us better acquainted with the insect

pests of foreign countries.

Mr. W. E. Britton: I have been much impressed with the Presi-

dent's address, and many of the points which he has mentioned are

certainly deserving of further study. In regard to the elm-leaf beetle,

however, I may state that formerly I believed as he does—^that the

danger of its doingmuch injury in the higher altitudes was slight. Dur-

ing the past few years, however, I have changed my mind. During

1914, especially, it has caused serious injury in Winsted, Norfolk,

Canaan and other points about 1,000 feet above sea level. On the

other hand, there was very little injury along the coast where the in-

sect has caused serious damage for more than 20 years.

With these introduced insect pests, it seems to me that we must

allow them considerable time in which to find their economic level;

that we may find it necessary to revise our first opinions because con-

ditions may modify the habits or severity of a pest. It is hardly safe

to draw^ conclusions or to go very far in generalizing about the dis-

tribution causes, until the species has been present for a long time and

its status as a pest has become established.

Secretary A. F. Burgess: A great many statements have been

made that certain insects, particularly foreign species, will become a

pest in this country only in certain regions and on particular food

plants and this information has been published quite frequently.

In the case of the brown-tail moth, for instance, it was, years ago,

very common on elms in the worst infested region in New England.

At the present time the number of webs found on elm trees is rather

small. It was generally stated a number of years ago that the elm-

leaf beetle was a city insect but the fact is that we find it in the country

in New England almost everywhere elm trees grow. The same has

been published concerning the leopard moth in regard to its being a

shade tree or city insect, but it is very possible that this pest may later

on do great injury in woodland.

It seems to me, as Dr. Britton has said, you cannot lay down a law

concerning new insects until we have had considerable experience

with them.
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Vice-President Herrick: If there is no further discussion, we will

proceed with the program. President H. T. Fernald resumes the

Chair.

President H. T. Fernald: The next paper on the program will

be read by E. P. Felt.

FUMIGATION FOR THE BOX LEAF MINER

By E, P. Felt, Albany, N. Y.

The Box leaf miner, Monarthropalpus huxi Lab., has become well

established on Long Island and is seriously injuring ornamental Box
hedges. The badly infested plants drop many of their leaves and soon

become very scraggy and unsightly. The conditions are such that a

considerable expenditure would be justified for control work in many
instances, and a series of experiments were therefore started to ascer-

tain the possibility of destroying the Dipterous maggots Tvdthin the

mines, since direct control methods against the midges or methods of

preventing oviposition were not specialh^ promising. The adults fly

the latter part of May and there appears to be but one generation

annuall3^

A series of preliminar}- tests were made with twigs of Box kept in

vials and exposed to the action of various gases in ordinary two-quart

fruit jars. Under these conditions fumigation with 5, 10, 15 and 20

drops of carbon bisulfid for twenty-four hours resulted in the maggots

being pronounced dead Tsdthin three daj/s without, so far as could be

observed, appreciable injury to the foliage. The time was cut do^Ti

to five hours, 15 drops of carbon bisulfid were used and the larvae were

apparently all killed and the foliage uninjured; 30 drops were used

^dth an exposure of three and one-half hours with similar results.

Two teaspoonfuls of carbon bisulfid to a ten-quart bell jar were used

for the fumigation of entire plants, the larvae being killed after a two-

hour exposure, while a one-hour treatment with one and one-half tea-

spoonfuls of the insecticide did not destroy the maggots. We are of

the opinion that one teaspoonful to five quarts of space for a period of

at least one hour, we prefer at present to extend the time to two hours,

will kill the larvae v^dthout injury to the plant.

Similar tests were conducted with carbon tetrachloride, and while

the maggots were affected, the gas was not nearly so effectual, and

after a period of twenty-four or forty-eight hours the larvae were active

and apparently normal. There was no appreciable injury to the

foliage.

The most interesting tests were with C. P. ammonia. It was used
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at the rate of d, 10, 20 and 30 drops to a two-quart fruit jar, the ex-

posure being 15 and 60 minutes. The treatment was fatal to the

maggots and there was also serious injury to the foliage. The gas

penetrated the mines readily and caused the collection of moisture.

The latter was probably drawn from both the plant and animal tissues

and resulted in an early collapse of the larvae, especially where the

larger amounts of ammonia were employed. The mines in the treated

foliage had a strongly pungent ammonia odor for two to even seven

days after the fumigation. It is possible that by using smaller

amounts of this chemical 'we could secure the destruction of the larvae

without serious injury to the plants. Our preliminary experiments,

however, indicate the probability of more or less damage to the foliage.

Flake napthalene used at the rate of one-half teaspoonful to a two-

quart jar and giving an exposure of five hours, resulted in the larvae

becoming quiescent and eventually recovering. There was no injury

to the plant. The twenty-four hour fumigation gave practically the

same results.

Potassium cyanide, 95 per cent was used at the rate of one dram
with one-fourth of an ounce of sulphuric acid and three-fourths of an

ounce of water to 27 cubic feet, the exposure being for 15 minutes.

This strength is practically one-half that recommended for fumigating

nurserj^ stock, namely, one ounce to two hundred cubic feet of space.

This treatment killed some of the larvae and did not injure the foliage.

Owing to conditions it was impossible to supplement these tests

by experiments under field conditions.

Vice-President Herrick: I would like to ask Dr. Felt if he tried

any contact sprays like Black Leaf 40 on the foliage.

I\Ir. E. p. Felt: We tried contact leaf sprays in the course of the

experiments and got absolutely no results on box leaf miner. It is a

thick leaf and the membrane over the mine is rather thick.

Mr. E. N. Cory: In Maryland, there was found one infestation of

this insect on a hedge on a large estate.. The hedge is about 600 feet

long and practically two-thirds of it is infested. We have attempted

some preliminary experiments with cyanide but were unsuccessful in

our fumigation. We tried Black Leaf 40, one part to 500 parts of

water with the addition of two pounds of fish-oil soap and were un-

successful with that. We have planned to continue on this hedge with

contact insecticides. We will also follow Dr. Felt's work and try some
of his fumigation experiments on this hedge.

Mr. E. p. Felt: One more statement entirely outside of the scope

of the paper. Professor Stene of Rhode Island reports fairly good
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results with contact insecticides such as kerosene emulsion or whale oil

soap solution, applied when the midges are beginning to emerge.

Mr. p. J. Parrott: This discussion is of great interest to me be-

cause there occurs in New York an insect which is a miner of the

foliage of certain kinds of &our cherries. On the basis of the work
which has been done with the elm-leaf miner, I attempted to combat

the pest by the use of various contact mixtures, including nicotine

preparations, soaps and oil emulsions. With none of these insecti-

cides were we able to kill the leaf-miner. Finally we tried fumigation

with hydrocyanic acid gas which was very effective. If the insect

becomes a serious pest, it may be necessary to resort to this treatment,

but for the present we are recommending the removal and destruction

of infested leaves and cutting out of hawthorn plants in the immediate

vicinity of the orchards.

Mr. W. C. O'Kane: Our experience to some extent agrees with

that of Mr. Parrott. The subject is attractive only to an insecticide

man who has some knowledge of the nature of the leaf. Apparently

the leaf tissue in that case is of such texture that the substance will

not penetrate.

President H. T. Fernald: Experiments on the box leaf miner in

Massachusetts on plants brought from Newport, R. I., gave no indi-

cation that Black Leaf 40 could penetrate the tissue, and experiments

with that material proved practically a complete failure. Fumiga-

tion was not considered, because of the conditions under which the

box is grown, at least at Newport, where there are long hedges of it or

rows of it hundreds, and perhaps in some cases even thousands, of feet

continuously. It seemed almost impracticable to apply fumigation

methods under such conditions of growth; but when Black Leaf 40

failed as a contact application there seemed to be nothing left to be

done with the limited material available for experimental work.

Mr. E. N. Cory: Have any experiments been tried with poison

sprays?

Mr. E. P. Felt: Not to my knowledge. We know almost noth-

ing as to the effect of such sprays upon the larvae or adults.

President H. T. Fernald: The next paper will be presented by

C. P. Gillette.
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NOTES ON SOME COLORADO APHIDS HAVING ALTERNATE
FOOD HABITS

By C. P. Gillette and L. C. Beagg

Chermes cooleyi Gillette and its var. coweni Gillette

This species and its variety may be said to live all the year through,

upon both the Engelmann and blue spruces for one form, and the

Douglass fir for the other. The lice upon these trees now are all in

first instar stage, none of them having passed through the first moult.

Those upon the Engelmann and blue spruces all have their setae thrust

into the bark of the twigs where they will develop and deposit eggs

in the spring, and these eggs will hatch the second generation which

will produce the cone-like galls at the ends of the twigs. Early in

July these galls will give out the adult winged lice of this form which

will all fly to the Douglass spruce to lay their eggs upon the needles.

The young from these eggs hatch, and without growing in size or

moulting, will remain upon the needles with their setse inserted along

the median line until the following spring. In the spring these lice

become mature and lay eggs which hatch into a brood of lice, some of

which remain upon the Douglass spruce, while others go to the needles

of the Engelmann and blue spruces where they deposit the eggs for the

form above described that remains over winter. So each year the two

forms of this species migrate, one to the Douglass and the other to the

Engelmann and blue spruces. The Douglass spruce should not be

planted near Engelmann and blue spruces in a yard or park.

Pemphigus hetce Doane
This insect is a native of the Rocky Mountain region, and is a rather

general feeder upon the roots of plants during the summer season.

The goosefoot family, especially sugar beets, garden beets and mangel

wurtzels, are favorite food plants. Among our native plants and

weeds, we have found this louse common upon the roots of Aster,

goldenrod (Solidago), Iva xanthifolia, and lambsquarter, Chenopodium.

While it does not seem necessary for this insect to take on a fall mi-

gratory habit, still, as near as we have been able to estimate, about

one-half of the lice acquire wings during September and October and
leave their summer hosts and fly to the cottonwoods. Apparently,

only a small percentage ever find the desired host. In beet-growing

sections it is common for these lice to fly in countless millions, like

great swarms of ants, for- more than a month during the warmer por-

tion of the day. Since the fall of 1910 we have known that this louse

migrates to the cottonwoods,^ in large numbers in the fall to deposit

1 See twenty-third Annual Report Colorado Experiment Station, p. 98.
8
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the sexual males and females, but not until the past summer has it

been definitely determined in what form this species appears upon the

cottonwoods early in the summer. Mr. Asa C. Maxson, in charge of

the experimental work in the Longmont district for the Great Western
Sugar Company, who has been a collaborator with us in some plant

louse studies, has succeeded the past summer in determining the form

of gall produced by this louse upon the cottonwood leaves and in suc-

cessfully colonizing the lice in large numbers upon the beets and in

rearing from these colonies, the sexuparse. We extract from a report

by Mr. Maxson upon his work as follows: ^'On May 4th . . . the

larvae were located upon the upper side of the leaf which was light in

color where the larvae were feeding, and showed a depression which,

as it grew larger, entirely inclosed the insect and formed a gall on the

under side of the leaf. This form of gall is produced by Pemphigus

halsamiferoe Williams."^

Many observations by the writers tend to confirm the conclusions

reached by Mr. Maxson whom we congratulate on the excellent life

history work that he has done on this insect, which is one of the worst

pests that the sugar beets have to contend against in the Rocky Moun-
tain States.

It seems probable that Parker, in Jouenal of Economic Ento-
mology, 1914, page 139, hit upon the correct gall for this louse, but

referred to it on page 141 as by populicaulis Fitch, which produces a

globular gall upon the petiole of the leaf. Furthermore, this gall

occurs in the Middle and Eastern States, while P. hetce seems to be

strictly a Western species.

Pemphigus populicaulis Fitch

Winter host, Populus species; alternate host unknown.

Pemphigus populitransversus Riley

Winter host, Populus species; alternate host unknown.

Pemphigus populiramulorum Riley

Winter host, Populus species; alternate host unknown.

Pemphigus ulmifusus Walsh

Winter and early summer host, Ulmus species; alternate host un-

known.

Mordwilkoja vagabunda Walsh

Winter host, Populus species; late summer host unknown.

Asiphum pseudobyrsa Walsh

Winter host, Populus species; alternate summer host unknown.

Asiphum sacculi Gillette

Winter host, Populus tremuloides; alternate summer host unknown.

1 Aphididse of Nebraska, Williams. University Studies, Vol. X, No. 2, 1910.
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Thecahhis popiiliconduplifoliiis Cowen
This species has Populus occidentalis for its over-winter and early-

summer host, and migrates to native species of Ranunculus for the

later summer and fall months. Transfers between these host plants

are readily made artificially and the lice do not all leave the Ranun-

culus in the fall, so that they may be found upon Ranunculus the year

round. In fact, many lice having alternate host plants infest one

of the food plants continuously, a portion of some brood acquiring

wings and migrating to a different species of plant as an alternate host.

Prociphilus corrugatans Sirrine

Occurs commonty upon Cratcegus species as a winter host; alternate

host unknown.

Prociphilus alnifolice Williams

Occurs upon Amelanchier alnifolia as the over-winter host; the al-

ternate host unknown.

Colopha ulmicola Fitch.

Occurs upon Ulmus americana as the winter host, and upon Era-

grostis species during later summer and fall. The migrants returning

during September and October to the elms.

Tetraneura graminis Monell

Occurring upon Ulmus americana as the winter host, and upon rice

cut-grass, Persia oryzoides, during the summer and fall.

Schizoneura americana Riley

The sexuparse of this species fly in great numbers to the trunks and

lower limbs of the American elms during the months of September

and October each year. The sexual males and females are deposited in

any hiding place beneath bits of bark where it will be difficult or im-

possible for Coccinellids to reach them. The eggs laid by these sexual

females hatch into stem-mothers the following spring that locate upon
the young opening leaves and start the generations that cause the

leaf-curl gall that Riley figured as the gall of americana. The spring

migrants resemble the return migrants of the fall, and neither should

be confused with the fall migrants from the apple (lanigera) which are

bark feeders and which differ markedly from americana in both anten-

nal and wing characters. So, while it seems certain that this species

has an alternate food plant upon which it lives during the latter part

of the summer, we have not been able to locate it.

Schizoneura rileyi Thomas
This species, also occurring on the elm, but always as a bark feeder

like lanigera of the apple, deserves mention for the purpose of avoid-

ing confusion with the other elm species. It is quite distinct from the

other species of the genus mentioned and probably has no alternate
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food plant as we have taken the sexuparse, the true sexual forms and
the eggs of this species on elm trees where colonies have been present

throughout the summer.

Schizoneura cratcegi Oestlund

Like lanigera, this is a bark feeder and occurs upon the bark of both

the limbs and roots of native Cratcegus in Colorado. It also gives off

fall migrants which are much longer winged than lanigera and con-

sequently more nearly like americana of Riley, but we do not know
that its alternate host plant has been definitely determined.

Schizoneura lanigera Hausman
This species inhabits the apple throughout the j^ear. During August

and September sexuparse migrate in large nurnbers from the apple,

but we have never been able to find these migrants establishing them-

selves upon other host plants, and we have never found return mi-

grants earlj^ in the summer coming to the apple. We are inclined to

the opinion that a regular alternate summer host for this species is

not positively known. We feel certain that sexuparae from the apple

do not migrate to the elm and produce either the elm leaf-curl gall,

Schizoneura americana of Riley, or the leaf-cluster gall or rosette of

the elm which was included hj Riley in his species americana, and

which we consider, for morphological and other reasons, to be a dis-

tinct species. We regret that, for Colorado at least, we cannot accept

the conclusions of Dr. Patch that Schizoneura lanigera upon the apple

has an>i;hing to do with the production of either the elm leaf-curl or

the elm leaf-cluster as described by Riley. A full discussion of this

matter would be too lengthy to incorporate here.

Anoecia corni Fabricius

This species winters in the egg state in large numbers upon the stems

of dogwood, Svida stolonifera, in Colorado. The lice completely desert

the dogwood early in the summer and go to unknown plants.

Rhopalosiphum rhois Monell

This louse is fairly common upon Rhus trilohata as a winter host in

Colorado. During the summer and fall months it occurs upon many
of the grasses where it seems to prefer the flower heads. We haA^e

taken it from timothy, wheat, oats, barley and native species of Ely-

mus.

Amphorophora howardii Wilson

This species was described in Canadian Entomologist for 1911, page

59, and was referred to under this name by Davis in Canadian

Entomologist for 1914, page 165. It seems to be a synonym of rhois.

Rhopalosiphum lactucce Kaltenbach

This is a common species on Sonchus oleraceus during the summer
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months, the stems and flower heads often being hterally covered with

the lice. During September and October the males and the sexuparse

desert the Sonchus and go to species of Rihes, especially aureum and

vulgare, where the sexual females are deposited, and, after fertiliza-

tion, deposit the over-winter eggs.

This is undoubtedly the Rhopalosiphum ribis Koch, which Buckton

figured on Plate 39, Volume II, of his British Aphididse along with the

leaf galls of Myzus ribis.

Rhopalosiphum hippophces Koch
The summ.er form of this louse inhabits species of Persicaria exclu-

sively, so far as we have been able to determine. In the fall, the sexu-

parse migrate to species of Eloeagnus, Shepherdia and Hippophce, which

are closely allied plants, and deposit the sexual females which later

deposit their eggs about the buds. The males follow when the females

are about half grown.

The over-winter hosts for this species also serve as winter hosts for

Phorodon galeopsidis Kalt., and Myzus hraggii Gill. As a paper by

the senior author of these notes, deahng with the synonomy of this

group, is expected to appear soon in ''Annals." We will not enter

into a discussion of the matter here.

Rhopalosiphum pastinacce Linneus

This species becomes very abundant upon Pastinaca and some

other Umbelliferous plants during the summer months in Colorado, and

in the fall goes to the honeysuckles belonging to the genera Lonicera

and Zylosteum. Both males and sexuparse migrate.

Rhopalosiphum caprece Kaltenbach

This species has been much confused with Pastinacce in the past

because it also goes to the UmbeUiferce as summer hosts, and in a general

way the two species are similar in appearance. Under the microscope,

however, caprece is easily distinguished by its caudal horn appearing

like a second tail, and its winter host is always a species of willow.

For a fuller discussion of these species see Journal of Economic
Entomology for 1911, page 320. These species could well be placed

in different genera.

Hyalopterus arundinis Fabricius

Occurs abundantly upon plum and prune as over-winter hosts, and

migrates in early summer to Reed Grass, Phragmites communis, from

which the males and sexuparae return to Prunus in the fall.

Aphis bakeri Cowen
This species winters freely upon both the cultivated apple and

Cratcegus. It migrates early in the summer to the white and red clovers.
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When the plants are large or somewhat protected we have found this

species spending the T\dnter upon the leaves of red clover. While this

is a common louse in Colorado, and we have done a large amount of

collecting for plant lice, we have never found it established upon any
herbaceous plant outside the clovers.

Aphis setarice Thomas
A rather common species infesting the plum as a winter host in Colo-

rado, and going to the grasses for the summer. We have taken it most
comm.only during the summer upon Panicum crusgalli, but also upon
Setaria sp.

Aphis vihurnicola Gillette

The sexuparse of this species come very regularly in large numbers to

the snowball, Viburnum opulus, every fall. Soon after the creamy
white sexual fem.ales have begun to develop, the males follow and later

the eggs are deposited about the buds and axils of small twigs. The
young of the stem-n:others all get wings and leave the snowball bushes,

but we have never been able to locate the alternate host where the

summ.er months are spent.

Aphis avence Fabricius

We have, at least, two or three species of Aphis which occur upon
both the apple and some of the grains and grasses that belong to what
we have designated as the avence group. At present, we prefer to pass

this group by as we are not able to satisfy ourselves as to just which of

these species avence really is.

Myzus bragii Gillette

This species spends the winter upon Elceagnus and migrates to the

Canada thistle, Carduus arvensis, as the summer host. It seems prob-

able that there are additional summer hosts, but we have not been

able to locate them.

Myzus persicce Sulzer

This species passes the winter upon pit fruits, peach, plum and cherry

with an apparent preference for the peach. The spring migrants

go to a very wide range of summer hosts, some of the most important

of which are the cabbage and other cruciferous plants, potatoes,

tomatoes, beets, species of Rumex, Dianthus, etc. This louse is another

species that is able to continue its existence from one year to another

in protected places out of doors and in greenhouses.

Phorodon humuli Schrank

Winters on the plum, and in Colorado we have taken it in some

numbers upon plum foliage throughout the year. The regular sum-

mer host is the hop.
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Macrosiphum granaria Kirby

The eggs of this species are deposited upon rosebushes in the fall.

Early in the summer the migrants go to oats and wheat, and probably

to some other grains and grasses.

Macrosiphum dirhodum Walker

This species, like the preceding, has the rose as a winter host, and

goes to the grains and grasses during the summer.

It seems a surprising thing that, after so much study of the life hab-

its "of the Aphididse, there are still so many species having the habit

of alternating their annual host plants, where only one of the winter

hosts is knowm. There is still abundant opportunity for much good

research work along this line.

President H. T. Ferxald: We will now take up a paper, the

title of which failed to be printed on the program, by Mr. E. B.

Blakeslee.

A MECHANICAL PROTECTOR FOR PREVENTING INJURY
BY THE PEACH BORER

By E. B. Blakeslee, Washington, D. C.

(Abstract)

This paper briefly discussed the feeding habits and behavior of

newly hatched peach borer larvae. The point was emphasized that,

in addition to the fact that large numbers of eggs are deposited about

the crown of the tree, larvae hatching from eggs deposited on trunk and

branches instinctively migrate downward and begin their work below

the surface of the soil. When an impenetrable barrier was placed at

the crown of the tree, the larvae made no attempt to enter above it.

By the use of a cone-shaped tarred paper protector, extending out for

eight inches to one foot from the base of the tree, and sealed with a vis-

cous substance, it was found possible to entirely exclude the larvae

from the tree. The protectors were cut out in circular form with, a

hole in the center somewhat larger than the trunks to which they were

to be applied. To serve as a support for the protector the earth was
pulled up to the tree, slightly, making a small mound, the base of

which was slightly below and the top slightly above the surface of

the ground. The protectors were then brought tightly about the tree

and fastened, the contact with the tree and the laps coated with a

sticky sealing material and the earth pulled back over the edges.

Field experiments showed that these protectors were able to maintain
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their impenetrable character under field conditions. Photographs of

the protector were exhibited.

Mr. E. B. Blakeslee: Mr. Scott has secured very good results

with a device which is essentially the same as the one described.

A Member: I would like to inquire if in these experiments any-

thing like cement was used which would harden in the soil?

Mr. E. B. Blakeslee: We have not used cement or gas-tar mix-

tures for fear of injuring the trees. I do not think the cement would

give good results.

A Member: Some years ago we tried a series of experiments to

test mechanical protectors of various sorts as a remedy for the peach

borer. Those that we tried usually caused considerable injury to the

trees.

Mr. E. G. Titus: In Utah, we find that peach borers attack the

trunks and branches as well as the crown of the tree. This makes it

difficult to use a mechanical protector.

Mr. Wilmon Newell: To me this is a very interesting paper. I

think a glance at these photographs will convince any entomologist

that the right principle is being correctly applied. We were working

on this same insect in Texas a couple of years ago and tried to make
application of the same principle. We even went so far as to make
paper protectors but were not successful in sealing them to the trunks

of the trees.

I am familiar with the work done along this line by Mr. Scott the

past summer, and mentioned by Mr. Blakeslee. I happen to know
that Mr. Scott's protectors, very similar to these but made in a differ-

ent way, were placed on the trees early in the season. The results

were such as to convince me that a method of control for one of our

worst fruit tree pests has been developed. We should not let this

matter pass without getting all the information we can and I would

like to ask if Mr. Scott will give us the results of his work along this

line.

Mr. W. M. Scott: I was not aware that this subject would come

up for discussion and therefore did not come prepared with notes on

the results of my experiments, except such as I happen to have in this

little pocket note-book.

I began experiments for the control of the peach tree borer while

State Entomologist of Georgia, about 15 years ago, and have since

continued to work on this problem as a peach grower. After trying

numerous washes I concluded, as did Mr. Blakeslee, that this was not

the right method of procedure. The habit of the newly hatched larvae

to crawl down the trunk of the tree and enter the moist tender bark

below the surface of the soil furnished the clue to the solution of the
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problem. In order to prevent injury from this insect, it is necessary

to prevent the larvae from reaching the underground portion of the

tree. This is easily accomplished by encircling the trunk at the ground

with a flexible soil-covering mat which must be impenetrable to borers

and impenetrably sealed to the tree.

Last March I began to devise a protector that would fulfill the re-

quirements and finally adopted a tarred felt mat, 16 inches in diameter,

with a hole in the center to conform to the diameter of the tree and a

slit from the hole to the outer edge. The soil is first mounded some-

what around the tree and the protector placed over this mound. The
slit edges are lapped and glued together with a viscous material and

the protector is sealed to the tree with the same material, completely

filling all openings, so that it is impossible for the borers to reach the

soil without crawling away from the tree beyond the outer edge of the

protector. The viscous material for effecting an absolute sealing to

the tree is an essential feature of the protector. I tried several sub-

stances and found the best to be a sticky preparation consisting, for

the most part, of a residuum from the partial distillation of coal tar.

Beginning on June 9, 1914, I applied protectors to 250 peach trees

in my orchard at Hancock, Md., and the results were perfect except

where the mat was not properly sealed to the tree. An examination

on October 2 showed that of 40 Belle trees provided with protectors,

28 were entirely free from borers, 7 had one each, 4 had two each and

1 had sixteen. The protectors had broken loose from the trees where

a poor paste was used and this accounts for the successful entrance of

the borers in these trees. It also emphasizes the necessity of main-

taining an absolute seal between the protector and the tree. An aver-

age of 12 borers per tree was found in 15 unprotected trees nearby.

In a block of three-year-old Elbertas 20 treated trees were examined

and 16 of them found free from larvae. The protectors had partly

cracked loose from the other four trees, admitting from 1 to 5 borers.

Twenty untreated trees in an adjacent row were examined and found

to be nearly ruined by borers. There was an average of 28 borers per

tree and 5 trees averaged over 40 per tree. This gave the protectors

about as severe a test as they could be subjected to.

Now in justice to myself and others I should admit that, on Septem-

ber 30, I applied for a patent on this method of protecting trees against

borers.

Mr. T. J. Headlee: Mr. Blakeslee, what did you use for sealing

the protector?

Mr. E. B. Blakeslee: I used 'Hanglefoot," it was the best thing

I could find. I find the tanglefoot seems to retain efficiency under

ordinary conditions. It doesn't dry out.
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Mr. T. J. Headlee: We have used tanglefoot for two seasons and
while there was no injury the first season, during the second season

the bark has died beneath the tanglefoot and the trees have perished.

Our applications were made on a very small surface of the tree.

Mr. a. L. Quaintance: I want to congratulate both Mr. Scott

and Mr. Blakeslee for this discovery—independent discovery, as I

happen to know. It appears to be a true case of parallel development.

I am inclined to believe that the development of this tree protector

marks the finish of a first-class insect pest which, up until now, has

never been satisfactorily controlled. Of the many species of per-

nicious insects with which the orchardist has to contend, none have

been more troublesome for a longer time than the peach borer. It

is noted that Mr. Scott has applied for a patent for this protector.

Should this be granted to him, the bureau will naturally discontinue

further work along this line. It may contribute to its more speedy

adoption by peach growers that it should be pushed by private inter-

ests, and I feel perfectly sure that no claims will be made by Mr. Scott

as to its merits which, in his judgment, are not fully warranted. I

certainly hope that it will be used by peach growers everywhere who
are troubled with the peach borer.

Mr. W. E. Rumsey: In our experiments at the West Virginia

Agricultural Experiment Station against the peach tree borer we have

been trying some penetrating substances which were sprayed on the

base of the trees to determine if it is practical to destroy the young

borers in this way. While the work has not been under way for a

sufficient length of time to obtain definite results some interesting

observations have been made. Two of the materials used for the

purpose mentioned were avenarius carbolineum emulsion and Orchard

Brand" miscible oil (1-9). To apply the materials the soil was re-

moved from the base of the tree, as is done in ''worming," and the

trunk sprayed from six or eight inches above the general surface of the

ground to the bottom of the cavity made by the removal of the soil.

After spraying the dirt was replaced. The materials were applied in

October and the trees examined the following June. The check trees

showed an average of about five borers to a tree ; with the miscible oil

treated trees the average was one borer per tree; and where carbolin-

eum emulsion was used we found an average of less than one borer per

tree.

When applying the carbolineum emulsion night came on before the

work was completed and when we returned the next morning three

dead borers were found on the bark of the last tree treated the previous

evening. One had worked its way completely out of its burrow and

the other two were half way out. This indicates that the emulsion
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had penetrated the bark and the borers had tried to escape. In the

use of the two substances mentioned there was no apparent injury to

the trees.

Secretaey a. F. Burgess: I would like to ask Dr. Headlee if both

old and young peach trees were injured by tanglefoot? We are using

large quantities of this material each year and seldom notice any

injur}', although we very rarely appty this material to peach trees.

Mr. T. J. Headlee: The tanglefoot was applied both to young

trees with thin tender bark and to old trees with rough heaw bark in

bands about eight inches wide, beginning two or three inches below

the surface of the soil and extending five or six inches above. The

j-oung trees first exhibited injury, but sooner or later practically all

succumbed.

President H. T. Ferxald: If there is no further discussion, we
will take up a paper by George A. Dean and R. K. Xabours.

A NEW AIR CONDITIONING APPARATUS

By Geo. A. Deax, Entomologist, and R. Iv. Xabours, Zoologist, Kansas Agricul-

tural College and Experimsnt Station

Within the last ten years the influence of moisture and temperature

on animal life has received considerable attention. It is not necessary

to emphasize the value and the absolute necessity of accumulating

data relative to this important phase of entomological and zoological

work. The difficult}^ in this work has been to devise or to secure some

sort of an air conditioning apparatus that would maintain a desired

constant humidity and temperature within a reasonable degree of

variation. Different individuals have devised various machines and

incubators for this purpose, but to the knowledge of the writers they

have all proved more or less unsatisfactory. For several years the

departments of entomology and zoology of the Kansas Experiment

Station have been building and experimenting with various moisture

and temperature control apparatus. Last spring at the suggestion

of Professor Potter, of the Engineering Division, it was decided to take

the matter up with some air conditioning specialists. After conferring

with several companies a contract was made with the Carrier Air

Conditioning Company, of Buffalo, N. Y. The plan was to construct

and install a machine that would automatically condition the air

before it entered the breeding chamber, flow it into the breeding

chamber continuously and at a rate that would make a complete

displacement of the air at least every minute.

Just recently the air conditioning machine has been installed and
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it is the object of the writers at this time to present the general arrange-

ment of the apparatus, the principle of operation, and the moisture

and temperature records maintained in the breeding chamber.

The spray chamber shown at A (Plate 1) is nine feet long and is

provided with nozzle standpipes B, arranged in two groups or banks,

placed about three feet apart, with the last bank three feet from the

ehminator plates. The flooding of the eliminators is done by an inde-

pendent set of nozzles shown at C across the top. These nozzles dis-

tribute the water over the washing surface uniformly. Valves shown
at D outside of the spray chamber are provided on each bank of nozzles

and also on the flooding nozzles over the washing surface, and thus

either or both banks of nozzles can be closed to regulate the humidity.

With both banks of nozzles closed, no appreciable increase in humidity

of the air is produced. With one bank in operation (and the water

recirculated w^ithout being heated) the humidity of the air will be

increased about sixt}^ per cent. With both banks of nozzles in opera-

tion, the humidity is increased about eighty per cent. If the water

is heated the air leaves saturated. The banks of spraj^s can be opened

or closed and the temperature of the water also varied as required.

Two water-tight inspection doors shown at E (Plate 1) are pro-

vided to allow easy access to the spray chamber. Beneath the entire

washer and eliminator is a settling tank F, sixteen inches in height.

A strong frame, built of angle iron, encloses the settling tank, to w^hich

it is firmly united, making a very rigid and substantial base to support

the balance of the washer. The tank is provided w^ith an automatic

float valve, which controls the water supply and maintains a constant

water level in the tank; an overflow valve G, which connects to the

sewer and which prevents flooding the tank; a drain valve arranged

under the bottom of the tank and which connects to the sewer, so all

the water may be drawn off for cleaning.

The settling tank is divided into two compartments by a wire cloth

strainer, through which the water passes before entering the suction

of the pump H.

Connected to the passage just be3^ond the eliminator chamber is the

air suction fan shown at K (Plate 1) propelled by a steam turbine L.

This fan draws the air through the spraj^ chamber of the air washer

and humidifier, w^here it comes in contact with the atomized spray of

water. The evaporation of a portion of the spray water humidifies

the air and the amount thus evaporated depends upon the relative

temperature of the water. Leaving the spray chamber, the air next

passes over the washing surfaces of the eliminators and then over the

stem of a graduated thermostat shown at M (Plate 1) placed in the

passage just beyond the eliminators, so that it is exposed to the tem-
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The Humidifier and Automatic Controlling Machinery

A, spray chamber; B, nozzle standpipe; C, nozzle standpipe over the eliminators;

D, valve for nozzle standpipe; E, water-tight inspection door; F, settling tank;

overflow pipe; H, double suction centrifugal pump; /, spiro steam turbine with

direct connected suction pump; J, pot strainer; iv, suction fan; L, spiro steam

turbine; M, graduated thermostat; A^, ejector water heater; 0, direct acting dia=

phragm valve; Q, compressed air storage tank; R, reverse acting diaphragm valve;

S, safety relay; T, tempering or heating chamber; X, air duct leading from breeding

chamber to spraying chamber; Z, automatic lubricator.
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perature of the air leaving the washer, and its expansion or con-

traction is caused entirely by this temperature, and the variation

due to its expansion is made to regulate this temperature. The water

heater of the ejector type shown at N is placed in the suction line

to the pump. The heater operates like a barometric condenser, so

that the temperature of the spray water is varied by varying the

amount of steam furnished to the ejector.

The diaphragm steam valve shown at 0 (Plate 1) is placed in the

steam line which supplies the water heater. The valve is operated

by compressed air from the graduated thermostat.

The air compressor shown at P (Plate 2) furnishes compressed air

to the storage tank Q (Plate 1) at about fifteen pounds pressure.

The compressor is driven by the same steam turbine L, that drives

the air suction fan K.

The reverse acting diaphragm valve sho\Mi at R (Plate 1) is nor-

mally closed, but is opened b}^ compressed air from the tank, passing

through the safety valve S.

This method of control is extremely sensitive, as any variation in

the air temperature passing over the stem of the graduated thermostat

produces a change in the air pressure on the diaphragm steam valve,

causing the valve to partially open or close, thereby producing a new
water temperature. In only a few seconds this water is sprayed into

the air, affecting its temperature, giving to it more or less heat in

accordance with the requirements of the thermostat. This air in

about one second passes over the thermostat stem, imparting to it

the change in temperature.

The air then passes to the tempering or heating chamber T (Plate 1)

to be heated sufficiently to maintain the required temperature and

moisture. The heating chamber consists of six double-section steam

radiators of the vento type, each having a radiating surface of sixteen

square feet. The radiators are so constructed and so arranged as to

distribute \and heat the air uniformly before it flows into the breeding

chamber. One or more or all six of the radiators may be used in

accordance with the requirements of the air. The steam entering the

radiators is automatically controlled by the graduated thermostat

shown at U (Plate 2), placed in the breeding chamber. The entering

air is evenly distributed in the chamber aod flows over the stem of the

thermostat. The expansion or contraction of the thermostat is caused

entirely by this temperature and the variation due to its expansion is

made to regulate this temperature. The diaphragm steam valve

shown at V (Plate 2) placed in the steam line W that supplies the

steam for the radiators, is operated by compressed air from the gradu-

ated thermostat in the breeding chamber. The thermostat produces
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WEBKESDAY

Fig, 8.—Charts showiog the moisture and temperature control in the breeding

chamber from December 21 to 9.00 o'clock December 26, 1914, compared with the

humidity and temperature in the insectary and outdoors. T, temperature; H,

humidity.

Note.—The temperature during the night of December 25 was ten degrees below

zero. This air was brought directly into the spray chamber and in less than three

seconds was passed into the breeding chamber at a temperature indicated- by the

chart.

Lettering for Plate 2.

K, suction fan; L, spiro steam turbine; P, air compressor; T, tempering or heating

chamber; U, graduated thermostat; V, diaphragm steam valve; W, steam line;

Y, air duct leading from heating chamber to the breeding chamber; Z, automatic

lubricator.













/

1



February, '15] DEAN AND NABOURS: AIR CONDITIONING APPARATUS 111

a change in the air pressure on the diaphragm steam valve, causing

the valve to partially open or close, thereby controlling the tempera-

ture of the heating chamber.

The breeding chamber (Plate 2) consists of a double glass-walled

room, six feet wide, eight feet long, and seven feet high, with a small

entering vestibule. A complete change or displacement of the air in the

breeding chamber is produced every minute, the air flowing out at the

bottom of the chamber and entering the spraying chamber by means

of a large air duct shown at X. The outside air may also be brought

in by means of a large air duct w^hich comes in from the outside and

enters the same chamber as the air duct coming from the breeding

chamber.

We gratefully acknowledge complete support for this undertaking

from Director W. M. Jardine. We are under special obligations to

Mr. A. W. Bellomy, assistant in genetics, for much of the work and the

whole of the supervision of the installment of the apparatus. We also

desire to express our appreciation of the invaluable services of Prof.

A. A. Potter and members of his staff in the Engineering Division

and of Mr. A. E. Stacey, of Chicago, engineer for the Company.

Mr. T. J. Headlee: Thinking that the members of this Associa-

tion might be interested in a less expensive apparatus intended to

control temperature and moisture, I will venture to describe one which

I have recently devised. It consists of two small heating chambers

under absolute control. The Freas Electric Incubators ..ill serve

well or a cheaper form can be made. Within each of the two cham-
bers is placed an air-tight glass receptacle. By means of properly

insulated tubes the two air-tight chambers are connected. By means
of a faucet pump air from outside the building is sucked through the

two chambers. In passing through the first incubator the air is heated

to a given temperature and saturated with moisture by passing it

through a series of waterfilled chambers. On entering the second

chamber the air is heated to the temperature desired for the insect

and given the proper degree of relative humidity. By raising or

lowering the temperature of saturation, within reasonable limits,

any relative humidity can be created and maintained. In course of

rigid tests recently completed, two degrees of humidity were main-

tained for one week each. In an apparatus such as this the size did

not permit the use of a thermo-hygrograph and it was necessary to

resort to a modified form of the dew-point apparatus. If care be

used in purchasing the chambers, it is possible to secure chambers at

$100 to $125 a pair. No doubt further mechanical improvement
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would lower the cost. T\lth six pairs, costing from S600 to S7o0,

six different temperatures could be maintained simultaneous!}^ and
the response of an insect to temperature under specified moisture

conditions determined in a short time. Furthermore, by the exclusion

of light or the use of artificial light of known composition and known
intensity, the disturbing influence of variable light could be eliminated.

The machine just outlined by Mr. Dean seems realty to serve a

different purpose and not to be capable, except as its units are multi-

plied or modified, of lending itself to the study of insect response to

temperature and moisture. I say this because the number of cham-
bers is so small that any close determination of response with it must
involve the running of the temperature and moisture ranges of a single

insect in several successiA^e experiments, two degrees of temperature

or moisture being studied at a time, thus introducing another complex

variable. This apparatus does, however, provide a means of studying

insect life-history under known conditions of temperature and moisture.

It is also possible by use of smaller chambers within the larger ones to

run simultaneous^ a sufficiently large number of temperature or mois-

ture-response experiments to derive reliable, data on which to base

laws of response.

Mr. G. a. Dean: In the discussion of the air-conditioning

apparatus I neglected to state the cost of instalHng the machine. The
total cost of the apparatus, including the breeding chamber and in-

stallation, is from SI,600 to S1,80C. This is not an expensive apparatus

when 3^ou think of controlling the moisture and temperature in two

large chambers each 6x8x7 feet, or chambers large enough for a

man to enter and carry on his experiments. The machine, as the

illustrations show, is built for durability and should last for many j^ears.

yin. F. C. Bishop: I should like to ask Mr. Dean about the

degrees of humidity. You say you have it at 6C degrees, but could

you maintain it lower?

I\Ir. G. a. Dean: The most difficult control \yould be a low

humidity with a low temperature. There would be no difficulty in

maintaining either a low humidity or a high humidity with a high

temperature or a high humidity with a low temperature. If you

want a low humidity -^dth a low temperature, one bank of spra}^ noz-

zles should be turned off so that the relative humidity of the air passing

through the spraj^ chamber will be about 60 per cent. The tempera-

ture of the air will be \\dthin one degree of the temperature of the

spray water. When this air is passed to the heating chamber and the

temperature raised, the humidity will be lowered. If the temperature

and humidity are not low enough the air will have to pass through

colder water; for instance, one could use salty ice water. This water
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can be used in the spray chamber as well as hydrant water. Bear in

mind if you know the absolute humidity and temperature of the air

as it leaves the humidifier or spray chamber, the thermostat in the

breeding chamber can be set so as to lower the humidity of the air as

it passes through the heating chamber. Of course, this increases the

temperature of the air.

Mr. W. C. O'Kane: I would like to ask Mr. Dean how in summer,

when the atmosphere is saturated, he is going to maintain a low humid-

ity in his machine.

Mr. G. a. Dean: Pass the air through cold water which will

give it a temperature within one degree of the water and then con-

dition the air in the heating chamber, by setting the thermostat in

the breeding chamber so as to heat or expand the air which will reduce

the humidity. If hydrant water is used I don't suppose the tempera-

ture would be much below 60 degrees. There would be no difficulty

whatever in maintaining a low humidity w^ith a high temperature.

Mr. W. C. O'Kane: With a low temperature and low humidity.

Mr. G. a. Dean: You cannot get a temperature in summer
lower than the water used in the spray chamber. If a temperature

lower than the hydrant water is desired you must use ice water or even

salty ice water. This will give you a low temperature, say perhaps

thirty degrees. Then if this air is heated, say to sixty or seventy

degrees in the heating chamber, it will be expanded and, of course, the

humidity will be lowered. It should be remembered that the appara-

tus is so constructed as to use the air from the breeding chamber,

which will enter the spray chamber already partly conditioned.

President H. T. Fernald: We will now listen to a paper by Dr.

Howard.

NOTES ON THE PROGRESS OF ECONOMIC ENTOMOLOGY
By L. O. Howard

When General W. G. LeDuc took office as United States Commis-
sioner of Agriculture July 1, 1877, just 37 years ago, the annual appro-

priation to the Department was $174,086.96, and there were 77

employees. The Department was in the main a statistical, correspon-

dence and seed distribution bureau. Virtually no research was being

carried on. The entomologist, with one assistant only, was engaged

almost entirely in the general museum work of the Department. In

the country at large there were no state experiment stations, and but

three state entomologists, Riley in Missouri, Thomas in Ilhnois, and
Fitch in New York, the last past his days of work. There were prac-

9
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tically no teachers of entomology. Hagen had a few students at Har-
vard, but did not touch on the economic aspects of the science; Gom-
stock was just beginning to teach at Cornell; Burrill was giving a few

lectures out west, and Fernald was soon to begin at Orono.

When Doctor Houston took office as Secretary of Agriculture July 1,

1913, the annual appropriation to the Department was practically

eighteen milhons of dollars (117,986,945) and there were 14,478 employ-

ees. The Department had become the greatest research organiza-

tion in the world. The appropriations for entomology were 1742,210.

The entomological service had become a large Bureau with about six

hundred employees of whom more than two hundred were scientifically

trained experts. Every state had its competent agricultural experi-

ment station with a force of entomologists. Practically every state

had also its agricultural college with teaching in general and economic

entomology. In California there were even County Entomologists,

and Boston and Philadelphia had their City Entomologists.

In a w^ay the wonderful general increase in agricultural research and

agricultural endeavor had carried economic entomology along with it.

The passage of the Hatch act and the consequent founding of the state

experiment stations were responsible at once for a great increase in

the number of working entomologists, w^hile in immediate succession

the introduction of the gipsy moth into New England, the appearance

of the San Jose scale in the east, the march of the cotton boll weevil

into the southern states, and the discovery of the carriage of disease

to man and animals by insects, have made the importance of entomo-

logical work greater and greater. It is no wonder that the country

rose to these emergencies; that Congress and the legislatures have

given large appropriations, and that by virtue of the successful in-

vestigations of our rapidly increasing group of entomological workers,

the United States has already gained a commanding position among the

nations of the world in this branch of apphed science.

It is not generally realized, except among a limited group of teachers,

just how this extraordinary advance in a few years has influenced the

number of students seeking information on economic entomology at

the different institutions, nor just in what way it has influenced the

character of the instruction. The present year in six of the leading

agricultural colleges where most attention is paid to economic ento-

mology, there are 1531 students in entomology and 51 teachers of en-

tomology. These institutions are the Ohio State University, the

University of California, Cornell University, the Massachusetts Agri-

cultural College, the University of Illinois and the University of Ne-

braska. These six I have chosen because the}^ have the largest num-

ber of students in this line, but in every agricultural college in the
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country sound teaching is going on. In the south, at Clem son College,

S. C, at Auburn, Ala., at Baton Kouge, La., and at College Station,

Texas, and elsewhere, there are numbers of students and excellent

courses. In the northwest it is the same. At Wisconsin there are 103

students and five teachers. In the small college at Bozeman, Montana,

there are 27 students. The men in charge of these different depart-

ments are all practical men. Most of them, in fact I think all of them,

are primarily economic workers. Many of them have been and are

still connected with the state agricultural experiment stations. Some
of them have been connected with the force of the Bureau of Ento-

mology of the United States Department of Agriculture. Several of

them are still collaborators of the Bureau. It follows that these men
know the economic problems which confront us, and that they have a

broad knowledge of what is going on, not only in this country but in

other countries; and it follows further that the instruction which they

give is that best designed to bring practical results. Moreover they

are a harmonious and cooperative body of men. They all belong to

the Association of Economic Entomologists, which, through its annual

meetings and its standing committees is constantly facilitating such

cooperation. All of these men are keen to grasp new ideas and are so

non-conservative as to methods of teaching that they will at any mo-
ment introduce new features and new methods.

In its international aspects, economic entomology is developing

with great rapidity and ^dll continue to do so. The Association of

Economic Entomologists early elected to its membership practically

all of the ofiicial entomologists of foreign countries, which brought

about a universal exchange of publications and frequent correspon-

dence. This has led to visits to America by many foreign entomolo-

gists, and many of our own men have gone abroad, so that personal

relationship has brought about friendships and mutual aid. There

are constant visits to this country on the part of younger men from

other countries, for study in the different lines of economic entomology,

and the Imperial Bureau of Entomology of Great Britain has, with Dr.

Andrew Carnegie's financial aid, founded a series of scholarships in

economic entomology which brings several specially selected young
Enghshmen to this country each year to study in the Bureau and at the

colleges and experiment stations. There are six of them in the United

States at the present time. They all want to go back to take part in

the war, but their government will not let them do so. All this will

bring about in the near future an increase in the solidarity of interests

and information and mutual helpfulness which already exists among
the economic entomologists of the whole civilized world. Each new
idea is and will be almost instantly known to all and speedily tested in
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eveiy climate and under all sorts of world conditions. Important

parasites found in a remote region will not have to be carried immense
distances in the future, but ^dll be relayed from one country- to another,

a generation or so reared at each stop and then sent on.

The passage of the Federal Horticultural Law in 1912 has brought

us into the closest relationship ^dth the plant inspection services of

other countries, and last year at a congress in Rome an effort was made
to harmonize laws and to bring about comparatively uniform systems

by the different countries. This is a movement which will gain force

in the future. One of the more trivial and unconsidered aspects of

the present war is its effect on inspection services. Of course shipments

of plants and plant products from the countries engaged are almost

entirely at a standstill, but arrangements have been made b}^ our au-

thorities to accept Holland's certificates for Belgian shipments, and

the other day I received a note from the French Ambassador stating

that his government had cabled him on behalf of Dr. Paul ]\Iarchal to

the effect that the French inspection service will be carried on to the

best of his ability under the circumstances.

How the entomological problems of the future will be met can only

be guessed at, but the work of the past few years has greatly increased

our belief in the necessity for the most thorough biological studj^ of

every injurious form. So many instances have occurred with species

whose life historj^ was apparenth^ well understood and whose behavior

was also thought to be known but which have been found under inten-

sive stud}' to possess unexpected points of attack, that the importance

of the closest study of everj^ species from everj point of view has be-

come very evident. The trend is towards intensive study of every

phase of the insect's existence.

Since we have built up in this country in these past twenty or thirty

years such a Yery respectable branch of knowledge which we have

termed '^economic entomology" or ''applied entomolog}^," we are

naturally proud of our accomplishment and anxious to see the good

work continue in the same general way and wider the same name.

But there is a tendency now to break into the solidarity of our branch

of science and to unite us vAxh the plant-disease people under the term

''phj^topathology " in so far as insects affect plant life, and with the in-

ternal parasite people, under the term "parasitologj-," where insects

directly affect man or animals. I think that economic entomologists

should resist this tendency. The term ''phytopathology," in this sig-

nificance, apparently originated in Germany. Perhaps for the reason

that at the time there were practicall}^ no economic entomologists in

Germany, there was no protest, but when the European San Jose scale

scare occurred in 1898 and an inspection service was started in that
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country to prevent the incoming of this dreaded insect, a plant disease

man was put at the head of the service, a curious anomaly which prob-

ably might not have occurred elsewhere. It is true that an entomol-

ogist was appointed under this person, but the service suffered. The
term ''ph3^topathology " should be restricted to plant diseases, and

many Germans themselves believe this. A society of economic ento-

mologists, on the plan of our own association, was founded in

Germany last year, and, through its efforts and increasing importance,

it is likely that the encroaching botanists mil be held in check. It is

perhaps of sufficient interest to state that the congress which was

called at Rome last year to consider inspection services was called a

phytopathological congress although it was distinctly understood that

the function of the congress was to consider questions relating prin-

cipally to the prevention of international transportation of injurious

insects. The United States sent no delegate to this convention, but

did send a letter urging that future congresses of the same nature

should be termed congresses of economic entomology and phyto-

pathology.

It is very obvious that plant pathology and economic entomology are

unrelated in their basic principles. Their successful study requires from
worJcers absolutely different training and wholly different technique. To
combine them into one service would be impracticable, except as units

of a large agricultural institution. To combine them under one name
as a branch of agricultural science is absurd

!

The second term, '^parasitology," has perhaps a better justification

than the other, but the questions relating to the damage done by in-

sects to man and domestic animals is competently handled by the

economic entomologists familiar with the whole range of entomological

activity. Why take a protozoologist or a helminthologist and make
him learn all about the insects that affect animals in order to become a

parasitologist, when the men who have always worked at economic

entomology are handling the same questions under another term? In

our entomological proceedings and in our entomological journals and
our entomological reports all matters relating to insects are brought

together. Why put entomological material together with a lot of

plant disease material into a pubhcation entitled phytopathology,

and why mix up a lot of entomological material with a lot of other

material on worms and the like in a publication called parasitology?

And after a branch of applied science has been so well grounded and so

successfully carried on under a comprehensive and at the same time

exact term like '' economic entomology," why try to confuse matters

and break into a field so well defined and so successfully organized?

Both terms have come to us from Europe, and the attempt to in-
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troduce them into this country has been made by Americans who have
studied under European masters. It seems to me, however, that the

term ^^economic entomology," or ^'applied entomology," is more likely

to take a firmer hold in Europe than is the term phytopathology,"

in this significance, to gain ground in this country, and that will mean
that internationally the term '^economic entomologj^" as applying to

the whole field will be generally adopted.

That side of economic entomology which relates to the carriage of

disease by insects has been aptly termed ^'medical entomology," and
is best carried on by trained entomologists. The truth of this state-

ment is probably seK-evident, but if a convincing argument is needed,

it will be found in Hunter's admirable address on medical entomology

before the Twentj-fiith Annual jMeeting of the Association of Eco-

nomic Entomologists (Journal of Econoaiic Entomology, February,

1913, pages 27 to 38). It is in this field of applied entomolog}" that we
must perhaps look for the greatest advances in coming years.

And now at the close of 1914, after considering the results already

achieved, and -^dth a knowledge of the investigations under way and

of the men who are handhng them, with the sound instruction which

is being given in two score institutions of learning, with the hundreds

upon hundreds of clever students, many of whom will make this field

their life work, it is impossible to avoid the conclusion that we are car-

rying on and will continue to carr}' on a T^dnning fight against the

greatest enemies of the human race.

Mr. C. Gordon Hewitt: I would like to express my great appre-

ciation and full concurrence with all that Dr. Howard has said in this

most admirable brief resume of the present position of economic

entomology. I want to say for my own part that I am entirely in

sympathy with the remarks of Dr. Howard in the latter part of his

address where he spoke of merging economic entomology and plant

pathology under one head. Dr. Howard has pointed out that the mis-

use of the term originated in Europe. For many years there were not

in Europe economic entomologists of the same training and standard

as we have here and often the plant pathologist and economic ento-

mologist were one and the same person and the work was included

under the same head, particularly on the European continent. I am
very glad, indeed, that Dr. Howard has pointed out the importance of

keeping entomological work separate, because I think we ought to take

a firm stand at this time when there is still a tendency in certain quar-

ters to include entomology under the term phytopathology. While

we all reahze that our work is very intimately associated with plant
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pathology, just as it is also with bacteriology, it is nevertheless neces-

sary to keep it absolutely distinct.

Before sitting down, I should like to publicly express my hearty

thanks to Dr. Howard and to the members of the Bureau and also to

entomologists in the United States—for their hearty cooperation with

us in our work in Canada. I realize more than anyone else the necessity

of our work being international in scope and character. The inter-

national boundary is not recognized by our governments in a military

manner and as insects do not recognize such political frontiers, we shall

succeed best in our efforts by the closest cooperation over the whole

range covered by the insects we may be endeavoring to control.

Mr. E. p. Felt: It is unnecessary to discuss Dr. Howard's paper,

because he has given us a most admirable summary; but I think,

speaking for myself and probably for other members of the Associa-

tion, that we all heartily indorse Dr. Howard's position.

President H. T. Fernald: I have been very much interested

in Dr. Howard's remarks and heartily agree with him on every point

which he has made—in fact, the paper was so conclusive that I ques-

tioned in my own mind if there would be the possibility of much dis-

cussion on lines where we were all certainly so much in hearty agree-

ment with the positions he took.

Report of the Section of Apiary Inspection

The third annual meeting of the Section of Apiary Inspection was

held in Philadelphia, Monday evening, December 28, 1914. Inspec-

tors were present from ten different states. Reports of progress being

made in apiary inspection work were given by all inspectors present.

It was reported that efforts are now being made by several states to

have a new apiary inspection law passed. Two states reported failure

on the part of their legislators to make appropriation for apiary in-

spection but stated that the mistake would probably result in larger

appropriations at the next session. Reports from other states indi-

cate increasing appropriations for this kind of work.

Dr. E. F. Phillips reported that he had on hand an unexpended

balance of $14.25, left from membership dues received from members
of the Association of Official Apiary Inspectors of the United States

and Canada which was organized December, 1911, at Washington.

After this association affiliated with the Association of Economic
Entomologists as the Section of Apiary Inspection, it was impossible

for eleven of these members to become members of the section because

they were not entomologists. Dr. PhiUips proposed that membership
dues be returned to these eleven men and that the balance of $3.25
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be turned over to the Secretary of the Association of Economic En-
tomologists. The Section expressed its approval of this plan.

Dr. E. F. Phillips, of Washington, D. C, was elected Chairman and

N. E. Shaw, Columbus, Secretary, for the coming year. These selec-

tions were recommended to the nominating committee of the Associa-

tion of Economic Entomologists.

N. E. Shaw.

ADDRESS OF THE CHAIRMAN

By WiLMON Newell, College Station, Texas

The Section of Apiary Inspection is a comparatively recent devel-

opment in the Association of Economic Entomologists. This body
was formally organized in Washington, D. C., in December, 1911, under

the name of the ^'Association of Official Apiary Inspectors of the

United States and Canada." A year later, at the Cleveland meeting,

it affiliated with the Association of Economic Entomologists and re-

ceived the rank of a section. A short but interesting program of the

section was held at the Atlanta meeting a year ago.

The work of the economic entomologist is mainly one of conserva-

tion. It is his province to provide methods of protecting crops, fruits,

etc., either in the course of their production or after they have been

harvested. The conviction that this constituted the sole field of the

economic entomologist was so firmly fixed that even the entomolo-

gists themselves did not regard the study of wealth-producing insects,

such as the honey-bee, as a legitimate part of their work.

However, it must be conceded that the study of beneficial insects

of every kind constitutes economic entomological work just as surely

as does the study of injurious forms.

It was but appropriate, then, that entomologists, though somewhat

tardily, should turn their attention to the development of the bee-

keeping industry and to the problems connected therewith. Six Ex-

periment Stations, Minnesota, Iowa, Massachusetts, Oklahoma, Texas,

and Ontario, Can., now operate experimental apiaries for the devel-

opment of better methods of beekeeping and the Bureau of Entomology

at Washington has done much in recent years to bring the beekeeping

industry into the prominence which its importance merits.

The most important phase of this work has been the protection of

bees against infectious and contagious diseases and many states now
maintain, through their state entomological departments, an efficient

apiary inspection system, not unlike the older system of nursery and

orchard inspection. In states where this work has been in other hands
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there is a growing inclination to transfer it to the entomological de-

partments. This branch of entomological work is each year becoming

of more and more importance and it is most appropriate that our

program this evening should have as its opening number a report of

progress from the various states.

The addition of apicultural inspection to the already heavy load

of duties carried by the average economic entomologist has presented

man}^ new problems in efficiency. For example, the task of keeping

adequate records, often with insufficient clerical help, without seri-

oush' hampering other lines of entomological work, is one which has

been faced by most of our members. Proper correlation of the field

work with that of the office also presents new questions for solution.

A knowledge of the distribution of bee diseases, and the means by
which the}' are disseminated, is of the utmost importance to the

apiaxA^ inspector, for he who knows from whence the enemy is to come
is more than half prepared to meet him.

These questious are to be discussed this evening by gentlemen who
have not only given them long and careful consideration but who,

by experience, have tested their own methods and found them not

wanting.

THE DISTRIBUTION OF AMERICAN AND EUROPEAN
FOUL BROOD IN THE UNITED STATES

By E. r. Phillips, Washington, D. C.

(Withdrawn for yiiblicatioii elsewhere.)

A SIMPLE RECORD SYSTEM FOR APIARY INSPECTION

By W. E. Beittox, New Haven, Conn.

In Connecticut, the first apiary inspection law was passed by the

legislature of 1909, but the measure went into effect so late in the

season that no actual inspection work could be done before the sum-

mer of 1910. As the law provided that permanent records open to

public inspection should be kept on file in the office of the State En-

tomologist, we were obliged to devise a system to meet the require-

ments of the situation.

Inspection reports filled out in the field are apt to become soiled and

lack uniformity; names and addresses of beekeepers often vary in

different reports; the writing is usually done hurriedly so that the

reports are hardly suitable for filing as permanent records. Aftej.
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giving some stud}^ to the matter the following sj^stem was devised,

and has been in use ever since. Though perhaps not perfect, it is both

simple and flexible, and has been found satisfactor3\

The permanent office records are kept on ruled 5x8 inch cards.

Each line holds the records of a 3^ear, and each card will answer for

about fifteen years.

At the top of the card is typewritten the name and address of the

beekeeper, care being taken to give accurately the name of the town
and the mail address, which are often different near town boundaries

and especially on rural free delivery routes.

The card is then cross-ruled and divided into twelve vertical col-

umns with printed headings as follows: Date of Inspecton; Number
of Colonies; Diseased with Foul Brood—Am^erican, European; Treat-

ment Given; General Condition of Apiary; Date of 2nd Inspection;

Condition at Tim.e of 2nd Inspection; Experience in Beekeeping;

Quarantine—-Placed, Lifted; Name of Inspector.

These permanent records cards are filled out by the clerk in the

office from the inspector's reports which are generally sent in once a

week or perhaps twice a m.onth. The inspector's report blanks con-

tain: Name of Beekeeper; Town address; P. 0. Address; Number of

Colonies in Apiary; Number with Foul Brood (American or European)

;

Other Troubles; Owner's Experience; Treatment Given; Date of In-

spection; Date Quarantined; Date Released; Certificate Granted; and

Name of Inspector. These are made up in booklets each containing

50 solid white pages for the originals, and alternating with them are

50 yellow sheets for the carbon copies. The yellow sheets are per-

forated and are torn out and sent to the office and the data copied

upon the permanent record cards.

The record cards are punched for the round center rod, and are

made out in duplicate, one set being arranged by toT^ms and the other

alphabetically.

For convenience in readily looking over the work of the season

during its progress, each card in the town index on receiving a new
record is marked at the top by one of Smith's steel signals. If the

apiary was not found diseased a light blue signal is used. If foul brood

of either kind is found in an apiary the card is marked with a light

red signal. These signals show at a glance, the total number of in-

spections recorded for the 3^ear, the number in each town and the ratio

between healthy and cUseased apiaries. Before beginning the next

season's work or after the year's report has been prepared, these sig-

nals are removed. Their legitimate use will often save much time,

especially where it is otherwise necessary to examine ever}^ card in the

index to acquire the needed information.
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Some may object to this system on account of the possible danger

•of error in transcribing the data from the inspector's report to the per-

manent record cards. I beheve that this is not a vahd objection. Of

course it means more work in the office, but the records are in so much
better condition than they could possibly be if made out in the field

that I believe that the extra labor is warranted.

Our chief mistakes usually occur in the names and addresses on the

inspector's reports and we write to the inspector at once and the

correction is made. Thus the copying record system really serves as

a check on the reports of the inspector.

INSPECTION AS A UNIT IN THE MASSACHUSETTS
APICULTURAL SERVICE

By BuETOX X. Gates, Amherst, Mass.

The apicultural work of Massachusetts, although it is new, is some-

what peculiar in that its several phases are centralized in one office.

These are administered, however, under separate appropriations and

by separate boards, or directors. The work of the State Board

of Agriculture is specified by law as apiary inspection, and under

this heading I will explain its several features. The Agricultural

College work is divided into several parts. There is the apicultural

work for regularly enrolled college students; investigational work for

the Experiment Station; and several types of apicultural extension

authorized and directed by the Extension Ser\dce. Besides these

several groups, there is a considerable amount of both state and national

associational detail which passes through the ofiice. Schedules and

programs for meetings and field days, the preparation of propaganda

and news items may be mentioned by way of illustration.

Since the \\Titer is frequenth^ called upon to explain the organization

of the beekeeping work as a whole, it may be well to mention first its

scope under the heading of the College.

College.—To the regularly enrolled students, there are offered

at present two courses. The first, intended primarily for juniors, is a

general course, attempting to ground the student in the fundamentals

of the subject. The second is primarily a senior course, and is intended

to take up more special phases of the subject. It gives also an inkling

of some of the larger problems confronting students of beekeeping,

which require experimentation and affords some opportunity to acquire

familiarity with experimental method.

Museum.—In connection with the teaching, there is maintained a

beekeeping museum where already there have accumulated hundreds
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and perhaps thousands of specimens, illustrative of natural history,

apiarian products and equipment, both foreign and domestic. The
purpose of the museum is to afford an opportunity for comparisons, to

develop or stimulate improvements, for example adapted to a special

purpose. Likewise, it shows up inferiority in mechanisms and devices,

brands of supplies and products. Those persons of an inventive tem-

perament are at liberty to compare inventions of the best and benefit

accordingly. Perhaps this is more important than the accumulation of

natural history material which is the more common purpose of a
museum.

LiBEARY.—There is being accumulated also a beekeeping library

aside from the author's collection. It is found desirable to gather and
preserve the transient periodicals as well as supply-catalogs and lists.

Such material is especially valuable to the research student.

The Apiary.^—^An apiary on a substantial and practical basis is a

new feature in any college. Heretofore, agricultural colleges have

shown but a passive interest in maintaining bees. Therefore the

development of a demonstrational, yet practical working apiary, has

required the working out for the first time, of a great many new fea-

tures. Some of these as planned, and yet but partially practiced,

aside from the keeping of fifty colonies of bees, are the bee garden where

it is hoped to demonstrate some of the more important honey plants;

and the workshop where hive, construction is taught. In teaching the

construction and building of hives, while it might not readily be pre-

sumed, the fundamentals of hive utilization are also brought forth.

There is the honey room with its extraction equipment. Besides this,

there will be developed a bottling equipment upon the most approved

principles. The wax rendering laboratory is also another feature.

This is partially an item of the Extension Service, yet it is maintained

apart from it. Its origin is recent and at first it was designed merely

to demonstrate the principles of handling wax. Later it was found

that vast quantities of old comb were being burned up by the bee-

keepers throughout the State. As a unit of the inspection service, it

then became desirable to salvage these combs rather than to destroy

them. Plans and facilities were prepared so that now beekeepers are

at liberty to send their scrap wax and old combs to the College for ren-

dering, at a slight cost. Naturally the more improved equipment of

the institution obtains a higher percentage of wax than the beekeeper

can get. It saves him then, both wax and labor, and reduces his costs.

Already (and the wax rendering service has been in operation but a

few months) the value of the wax rendered approaches one thousand

dollars. This is an important advance, moreover, in the central-

service-station idea.
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Experiment Station.—The work for the Experiment Station need

not be dwelt upon. Naturally it falls into the well-defined policies of

such an institution. At present one of the problems concerns beeswax,

an effort being made to determine the amount of wax in combs of dif-

ferent types, to the end of improving extraction processes. A number
of other experimental problems are also in hand.'

Extension Service.—For the extension service, the work may be

grouped under short courses, conventions, fairs, itinerant schools and

correspondence course. The extension work in beekeeping is so

essentially new that efforts thus far are in nature experimental. The
value and importance of extension schools is now proven. The itin-

erant school, however, has not yet been tried. The first will doubtless

be held early in the spring of 1915. For several years, however, short

courses have been given. These started with a special two-weeks

beekeepers' school. This was essentially a cram course, the students'

entire time being devoted to the one subject. The work consisted of

lectures, demonstrations, laboratory work and excursions. At the

end of two weeks, a convention for one or two days at which prominent

apiarists and lecturers were in attendance, was held. This kind of a

course, however, has its limitations, and in som_e ways the ten-weeks

winter school in beekeeping has proven more desirable. It is given in

conjunction with other subjects, as, for instance, poultry keeping,

horticulture, or pomology, and is directly correlated with the trend of

the student's work. This course is terminated by Farmers' Week,

during which there is a Beekeepers' Day. It is one of the convention

days in beekeeping for the State.

For the first time, in the fall of 1914, the Extension Service offered a

beekeeping exhibit for fairs. A ton or more of material has been cased

and prepared for this exhibition purpose; it has been found to meet

with decided approval among the people of the State. Besides a

static exhibit of hives and implements, natural history specimens and

the like, there is a dynamic feature, namely, the display of bees and

queens, together with demonstrations of the handling of bees. It is

needless to say that such a feature is more or less sensational, yet it

has a definite educational value. Aside from the demonstrational

work at fairs, there have been held special demonstrations to meet

local conditions, which might be termed emergency field days or

conventions. This phase of apicultural extension is of decided worth

and is capable of considerable expansion. It takes the College directly

to the beekeeper.

The State Board of Agriculture : Apiary Inspection.—Apiary

inspection is by no means the least important of the State's duties to

the beekeepers. As might be inferred in Massachusetts, it forms an
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integral part of the whole. The inspection work, however, is not

disassociated from the work at the College any more than the con-

verse is true. The work of the state being a unit requires that all

its features be interlocking; the College helps the inspection work and

the inspection is essential to the college.

At present the law allows but four inspectors, three of whom are

deputies, with an appropriation of S2,0C0 per annum. This is de-

cidedly inadequate to satisfactorih^ meet the demands.

Inspection Policy.—^Massachusetts, like most New England states,

is exceedingh^ conservative. The beekeepers are zealous in demanding
attention; therefore they cannot be skipped. It4ias been found that

to go into any one locality and visit only a few of the beekeepers there,

brings down a rain of complaints from the other beekeepers. Conse-

quently the policj' of inspection in Massachusetts is slightly different

from that in some states, where it has been advocated that onh^ such

apiaries be visited as are known to be diseased or of enough commer-
cial importance to warrant inspection. Directly opposed to this policy,

Massachusetts inspection has been an apiary to apiary canvass, start-

ing with a center or focus of infection. Gradually the inspector en-

larges his territory from this central point by concentric circles, until

the limit of infection is found. A map of the inspection work would

show that relatively well-defined areas of infection occur. Of course

there are some few scattering cases, which are gradually checked up.

That this method applies in Massachusetts has been proven from the

demands of the beekeepers and from the decrease of infection in given

localities. I take, for illustration, the county of Berkshire, where

beekeeping prospers particular!}^, and where, being against New^ York

State, infection with European foul brood in 1910 and 1911 was very

general. The beekeepers, too, were discouraged. They thought dis-

ease had come to staj^. Now the disease is on the wane and bee-

keeping is on the climb. Apiaries are being enlarged. Moreover,

beekeepers are of a better and more earnest type, as might be ex-

pected. The shiftless, let-alone beekeeper has had to go. A few more
years doubtless will show greater improvement; but, the present status

may be learned from the table below\

CoMP-^ATi^-E Table, Showing the Bee-Disease Status

OF Berkshire County, Mass., in 1914

Apiaries Colonies

Visited

1911 154

1914 179

Infected

70 or 45%
25 or 14%

Examined

980

1028

Infected*

439 or 43 %a
72 or 7%

*Entirely European foul brood in this County.
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From this table it will be seen that of the apiaries visited in 1911

and 1914, the percentage of infected apiaries has dropped from 45

per cent to 14 per cent. Likewise, from the standpoint of the individ-

ual colonies, the percentage of infected colonies has dropped from 43

per cent to 7 per cent. This has a further significance in that there

is an increase in the number of colonies which, though slight, must be

interpreted with reference to the elimination of the smaller and less

prosperous beekeepers. Some of the largest apiaries in the county

showed in 1914 no disease whatever, although these yards were in

sad condition previously.

Similar indications of improvement, even to the extent of exceeding

the most optimistic anticipations of the beekeepers and inspectors,

might be cited for other parts of the State. It should be acknowledged,

however, that there are still some rather seriously infected localities,

which it has been possible to reach only after the elimination of in-

fection in territories already under subjection.

The writer is frequently asked. to mention the more important fea-

tures which have tended toward efficiency in Massachusetts inspection.

They may be listed.

Records.—The record cards are individual for each apiary and bee-

keeper in the state. Being of the loose-leaf principle allows them to

be kept as a vertical file. The record cards are issued directly to the

inspectors when routing their territory. Thus the inspector has be-

fore him the complete history of each yard or apiarist and of every

transaction concerning both, even to knowing whether he has bought or

sold bees within or without the State. Complete records have repeat-

edly proven of inestimable service. In the long run they will also

afford a comparative statistical study of the State. The inspectors

are required to fill in data concerning spring count, winter loss, number
of colonies examined, diseased, etc. It takes but little time to record

such, but it is required that the entries be made on the premises at the

time of inspection, and not later transcribed from a notebook. As
soon as the inspection of a town is completed the records are returned

to the office, where they are kept on file. Information gained by in-

spectors is held as confidential.

Report Card.—The inspectors have found a report card, which they

term the "clean up" order, of considerable advantage. This is a

printed form which when signed, causes the beekeeper to promise that

he will obey the instructions of the inspector, either to clean up an

unsanitary apiary, or to treat or destroy infected colonies, before a

given date. It further provides that the beekeeper shall notify the

office of having fulfilled these instructions. Space is afforded for the

beekeeper to indicate his desire for publications which will be sent from
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the office, upon receipt of his request. The detached portion of the

''clean up ' order, which is left with the beekeeper, he should mail

to the office upon completion of his work. It bears a few practical

suggestions concerning disease.

Interstate Shipments.—^One of the particularly advantageous

features is the control of interstate shipments. The legal provisions

are that no colonies upon combs may be shipped into the state from a

state where there is an inspector unless their healthfulness is certified

by a state apiary inspector. This limits an objectionable policy,

which has been termed the dumping" of disease into Massachusetts.

From states where there are no apiary inspectors, stock is received with-

out certificate, but the recipient is expected to notify the inspector

of apiaries of its arrival, thus enabling a subsequent inspection of the

stock. Only one addition would be recommended, namely that

transportation companies be obhged to notify the inspector of the

arrival of all stock from without the State. It has been said that

in so legislating, Massachusetts has placed an embargo upon bees,

but this cannot justly be maintained because legitimate shipments

are provided for. In watching the practicability of this feature of

the law, it has been noticed that beekeepers have been less imposed

upon than perhaps they would have been otherwise. No complaint,

but rather approval is made by the beekeepers of the state. There is

less likelihood, moreover, that the conscientious work of inspectors

may be upset through some careless shipment of diseased stock.

Quarantine System.—^Formerly it was not customary for states to

quarantine apiaries found to be infected. This is now more general

and need not be dwelt upon, except to say that it is an indispensable

feature of an inspection law. It protects not only the inspector, who,

by an unscrupulous beekeeper might be misled or deceived, but it also

protects the well-meaning beekeeper and limits the person of ill-intent.

It also holds infectious materials on the premises where found until

they have been properly and satisfactorily disposed of. Moreover,

it is not without its moral advantage in stimulating beekeepers to watch

out for the occurrence of disease, which, when they are conversant,

they may treat before the inspector arrives, thereby obviating quaran-

, tine. Morally, too, it stimulates prompt treatment of a quarantined

apiary.

Forms.—Summarily, there are five forms used by the inspectors

(the record card, which is good for a period of eight or ten years; the

quarantine blank and the release blank; the ''clean up" report used in

unsanitary apiaries; and the report used in apiaries in which there is

found infection). The writer will gladly send specimens of these

forms to inquirers.
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Proceedings of the Thirteenth Annual Meeting of the

American Association of Official Horticultural

Inspectors

The Thirteenth Annual ^Meeting of the American Association of

Official Horticultural Inspectors was held in Philadelphia, Pa., Decem-

ber 29 and 30, 191-i.

The first session was held in the parlors of the Hotel Walton, and

was called to order at 8.00 p. m. by the Chairman, W. E. Britton,

with J. G. Sanders, Secretary.

The second session was called to order at 10.00 a. m. AVedDesday,

December 30, in the Veterinary Building of the University of Penn-

sylvania.

Upwards of 75 inspectors and visitors were present at each session,

including several members of the legislative c »mmittee of the American

Association of Nurser3^men who were invited to atteud the meetings

of the inspectors for our mutual benefit.

The following program was presented at the two sessions of the

meetings:

PROGRAM

Tuesday, December 29, 1914—8.00 p. m.

1. Address of the Chairman, W. E. Britton, New Haven, Conn.

2. Important Insect Pests Collected on Imported Nursery Stock in 1914. 15 min.

E. R. Sasscer, Federal Horticultm-al Board, Washington, D. C.

3. Some Recent Insect Importations into New Jersey. 10 min. H. B. "Weiss, New
Brunswick, N. J.

Informal Discussion of Question 1

Wednesday, December .30, 1914—10.00 a. m.

4. Prevention of Rabbit Injury to Young Apple Trees. -5 min. E. N. Cory, College

Park, Md.
o. The Training of a Nursery Inspector. 15 min. R. Kent Beattie, Federal Horti-

cultural Board, Washington, D. C.

6. The Missouri Inspection Service. 10 min. L . Haseman, Columbia, Mo.
7. Essentials in Insect Control. (A Plea for Greater Simplicity.) 10 min. T. J.

Headlee, New Brunswick, N. J.

Informal Discussion of Questions 2, 3, 4-, cind 5

Election of Officers for 1915—Business.

8. A Model Nursery and Orchard Inspection Law. (Progress Report.) 15 min.

J. G. Sanders, Madison, Wis.

General Discussion led by Mr. Wm. Pitkin, Rochester, N. Y., Chairman of Com-
mittee on Legislation of the American Association of Nurserymen.

10
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Questions

1. Should further importation of all nursery stock be prohibited by Federal law,

except in very limited amount for experimental propagation by the United States

Department of Agriculture?

2. What is the proper treatment for scale-infested premises in close proximity to

nurseries?

3. Should we require fumigation of all susceptible nursery stock grown in states

known to be generallj^ infested with San Jose Scale?

4. By what means can the standard of efficiency of inspectors be raised?

0. Should horticultm'al inspectors furnish a bond?

SUMMARY OF PAPERS AXD DISCUSSIONS

1. Address of the Chairman. Dr. Britten reviewed concisely the

early work of inspection of nursery stock and the reasons therefor,

outlining the method of introduction of the San Jose scale into

the United States and more particularly into eastern United States.

He recounted the various successive steps taken by state authorities

to safeguard the growing and distribution of nursery stock. The
quarantine and inspection of imported plant material was also dis-

cussed and reference was made to the necessitj^ of greater uniformity

in the inspection laws of the various states.

2. The paper on Important Insect Pests Collected on Imported

Nursery Stock in 1914" by Mr. E. R. Sasscer of the Federal Horti-

cultural Board, Washington, D. C, provoked considerable discussion

on the part of the inspectors present. It was urged by the members
of the Federal Board present that all species of insects and fungous

diseases found on imported plant material, even though they be com-

mon ones, be reported to the Federal Board since full reports are

valuable in showing laxity of inspection, and ultimately formed a

general argument against free and promiscuous importation of plant

material.

Mr. Rogers asked for a bulletin describing the important pests

likely to be found on imported plants, believing that such a hand-

book should be available to all inspectors whose duty it was to inspect

imported material.

Mr. Marlatt reported progress on such a bulletin to be published by

the department of agriculture, which probably would appear in the

form of a handbook. Over 100 illustrations and much manuscript

is already submitted and may be published within the next year.

This publication will also include a treatise on the fungus and bac-

terial diseases concerned with imported plants, the manuscript for

which is n course of preparation by Dr. Perley Spaulding.

Dr. Britton asked for information concerning the recently imported
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''pine bud moth" to which Mr. Marlatt rephed that a prehminary

paper by Dr. A. D. Hopkins is available. Also that Mr. August Busck

of the U. S. National iNIuseum is preparing a bulletin on this new
pest. Mr. Marlatt further stated that the imported species differs

from the native spruce bud moth in that it works deeper into the twdg,

causing greater damage and the recovery of twigs is rare. It is al-

ready known from twelve different states although so far it is largely

a nursery problem.

]\Ir. Sasscer reported that there is in course of preparation a list of

imported pests, arranged according to host, which list will soon be

issued as a letter of information.

Mr. Schoene stated briefly that there seemed little actual necessity

for promiscuous importation from Europe of our own native species of

plants or of species easily grown here.

3. In the paper on "Some Recent Insect Importations into New
Jersey," H. B. Weiss, New^ Brunswick, among other pests, reported

the finding of Argentine ants in a shipment from Germany in green-

house plants, the certain identification of which was made by Dr.

W. M. Wheeler. It is also reported that 198 egg masses of Gipsy

Moth had been found at Rutherford, N. J., where the infestation has

continued for two years or more. Immediate and drastic measures

were carried out and it is believed that New Jersey is now freed from
this pest.

Question 1 of the program was discussed at length during the remain-

der of the session. This discussion brought forth opinions from the

various Federal and State Inspectors present, as well as from the

nursery men who were in attendance at the meeting. Summarizing
the discussion, it was the general opinion of the majority present that

certain prohibitions on the promiscuous importation of plants could be

made without seriously hampering the nursery trade, particularly if

a certain date was set a year or two in advance after which the impor-

tation of certain plant material should be curtailed. There was
further discussion relating to the possibility of propagating seedling

stock in America advantageously and thus eliminate the possibility

of introducing more pests on this class of importation. Opinions on
this question were at considerable variance but there seemed to be a

general feehng that our native conifers should be propagated in this

country and that further importations of conifers could be prohibited

without serious handicap.

In the Wednesday forenoon session the paper on the training of a

nursery inspector, by R. Kent Beattie of the Federal Horticultural

Board, brought forth considerable discussion regarding the training

of the inspector and the value of inspection. Dr. Fernald stated that,
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in his opinion, the value of an inspection depends absolutely on the

training, care and experience of the inspector, and that on these per-

sonal factors hiDge the entire value of inspection and the certificate

which is granted. Dr. Fernald also reported the examination of 100

records of '^blister rust" and that in no case had one been found on
gooseberry, but that all of them were shown to be infections on currant.

Discussion of question 2, at this point, showed a general agreement

that the inspector should have authority to inspect and clean up scale

infested premises in close proximity to nurseries.

There was considerable variation in opinions regarding the fumiga-

tion of susceptible nursery stock which was grown in regions known
to be generally infested with San Jose scale; and the complaint was

made that many horticulturists strenuously objected to the planting

of fumigated trees.

Question 4 brought forth the general feeling that the statement

previously made by Dr. Fernald, appearing above, was the only prac-

tical solution of the efficiency of inspectors.

Question 5 relating to the bonding of inspectors provoked a short

discussion which brought forth the general opinion that in case the

chief inspector was required to furnish a thousand dollar bond, greater

care and consideration of the stock and its condition and treatment

would be observed; and further, that in case stock was illegally or

unnecessarily destroyed, nurserymen might have some redress through

proper court proceedings.

BUSINESS

Professor Symons moved that there should not be held a special

summer meeting of the Horticultural Inspectors at the time of the

summer meetings to be held in California, and that any papers relating

to horticultural inspection be offered at the meeting of the Economic

Entomologists. Carried.

The nominating committee nominated Prof. W. E. Rumsey of

Morgantown, W. Va., for chairman of the next annual meeting and

Prof. J. G. Sanders, Madison, Wisconsin, as secretary. These officers

were unanimously elected.

The model nursery and inspection law, which was drawn up in

November 1913 and was considered at the Atlanta meeting and re-

ported back for further consideration, was considered and debated.

Copies of this law, in its latest form, were available at the meeting but

the copies presented did not contain the latest alterations made during

the conference held the previous day with the legislative committee

of the Association of Nurserymen.

After considerable discussion, it was moved by Prof. Symons that
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"the Association approve the substance of the proposed bill and that

a committee be appointed by the chair to consist of five members to

approve the final wording of the bill. Said committee to have power

to act." The committee appointed by the chair consisted of Messrs.

Marlatt, O'Kane, Worsham, Gillette and Sanders.

SOME RECENT INSECT IMPORTATIONS INTO NEW JERSEY

By Harry B. Weiss, New Brunswick, N. J.

Inasmuch as the state of New Jersey imports from the various

countries of Europe, Asia and South America, an average of 12,000

parcels of nursery stock every year, it is not surprising to find injuri-

ous forms coming over and in some instances becoming established.

Scale insects are the most numerous of these importations, chief

among which are Coccus hesperidum Linn, occurring on bay trees from

Belgium, Chrysomphalus dictyospermi Morg. on palms from Belgium,

Hemichionaspis aspidistrce Sign, on aspidistra and ferns from Bel-

gium, Diaspis hoisduvalU on orchids from England, Targionia hiformis

Ckll. on orchids from Venezuela and the United States of Colombia,

Pseudaonidia pceonice Ckll. on azaleas from Japan and Diaspis penta-

gona Targ. on peach stock from Japan, also Lepidosaphes ulmi Linn,

on boxwood from Holland.

Except in the case of greenhouse species which were established in

New Jersey, all infested plants were destroyed. During the fall of

1911 ants were taken from the packing in a case of roses imported

from Germany. Unfortunately they were overlooked until the spring

of 1914 when they were sent to Dr. W. M. Wheeler who identified them
as specimens of the Argentine ant, Iridomyrmex humilis Mayr, which

has been such a plague in the southern states and in California and

which has recently been introduced into South Africa and Portugal.

Dr. Wheeler was at a loss to understand its occurrence in Germany
unless it had happened to be living in greenhouses. It is a tropical

species and of course unable to maintain itself out of doors in the

northern states or in Germany. Systematic collections of ants were

made in several of the largest greenhouses in the state especially where

imported stock had been received in large quantities but no Argentine

ants were discovered.

Another interesting capture was the taking of Eucactophagus graphi-

pterus Champion during April 1914 in an orchid house at Summit,
N. J. This large member of the family Calandridse is a native of Costa

Rica and the United States of Colombia. Mr. Schwarz who deter-

mined it said that only three specimens were known, one of which had
been taken in a Connecticut greenhouse by Dr. Britton.
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Ulex europea from England was found infested by Apion uUcis, a

weevil injurious to the seeds. Members of this genus are found on

other leguminous plants and it is one which should be guarded against.

A much more injurious imported beetle in the shape of Myelophilus

piniperda Linn.^ was noted by Dr. T. J. Headlee to have gained a slight

foothold in a northern New Jersey nursery where it was found attack-

ing Scotch Fir to the extent of boring out the tips of the central shoots.

According to Ratzeburg, this beetle does two important kinds of injury.

First it attacks for the purpose of breeding, already injured Scotch Fir

and quickly brings about its death. Second, it bores out the terminal

twigs of young coppice growth causing the tree to assume a crooked

unsightly branching habit. The result of this second type of damage
is much like that of the white pine weevil. According to Dr. Hopkins,

it often does extensive damage to pine trees in Europe and for this

reason the section in which it was discovered is being closely watched.

Another imported beetle, Agrilus viridis Linn. var. fagi Ratz.^ was
found during the past year extensively injuring roses, chiefly in nur-

series, in four different places in northern New Jersey. The injurious

work of the larva consists of a spiral band of channels in the sap wood
over which forms a swelling or gall, above which of course the plant

dies. It was found attacking standard roses and Rosa rugosa more

than other varieties and infested blocks presented the appearance of

having been burned over as early as the middle of August. Consid-

ering the nature of the injury, cutting and burning of the infested

stems during the fall or winter seems to be the best method of control.

Still another unwelcome importation, not from Europe however, but

from Florida was Callopistria floridensis Guen. known as the Florida

Fern Caterpillar. This pest was found during September 1914 injur-

ing ferns in greenhouses at opposite ends of the state and one of the

firms in question undoubtedly purchased it in some stage other than

the adult along with a shipment of ferns from Florida. It does con-

siderable damage to various species of ferns and in this state has

yielded successfully only to handpicking supplemented by trapping

the moths. Considering the fact that it is such a troublesome species,

it would pay ferngrowers to be on the watch for it when receiving ferns

from other estabhshments.

The most serious finding of the year was made in November, by
Government scouts, who discovered 198 egg masses of the gipsy moth,

Porthetria dispar Linn., at Rutherford. The capture of a perfect male

moth on August 1 by a local collector led to these men being placed in

the field by Mr. Burgess. The infestation occurred in a small block

of nursery evergreens used mostly for show purposes and was at least

I Determiaed by Dr. A. D. Hopkins.

* Determined by Mr. Chas. Kerrimans of Belgium.
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two years old. It is supposed that the egg masses were brought in on

New England stock although no definite proof of this is obtainable.

Unfortunately the funds at our disposal for inspection service are

expended almost entirely in the inspection of nurseries and foreign

stock, leaving practically nothing for the inspection of domestic stock.

It is needless to state that prompt measures were taken with the infested

area and the careful scouting of the surrounding area by the Government

men led us to believe that New Jersey is still free from this pest.

In addition to injurious species, one will at times find beneficial forms

being imported. However as a rule, these are few and far between.

Egg masses of the praying mantis are not infrequently brought in on

stock from Japan. During the past season, a large black carabid

beetle was taken from a case of Japanese azaleas and Mr. Schwarz

identified it as Damaster hlaptoides Kollar. This is a rather rare species,

the genus being peculiar to Japan. Its introduction into the United

States would of course be highly desirable. Pterostichus (Feronia)

vulgaris Linn.^ another beneficial carabid beetle, very common in

central Europe was taken on Holland stock and Amara ovata Fabr.^

from packing around English stock. PMlonthus politus Fabr.^ of the

family Staphylinidse was also taken from English stock. The species

of this genus live under dung or decaying vegetable matter, the larvae

being predaceous on soft insect larvae, mostly Dipterous. This of

course places it among the beneficial forms.

Various other species mostly injurious but as a rule of lesser impor-

tance are taken from imported stock every year. This includes white

flies on azaleas from Belgium, ants from Holland and France, Pseu-

dococcus sp. on palms and bay trees from Belgium, Tingitid eggs on
rhododendrons from Holland and Notolophus antiqua egg masses also

on Holland stock.

One fact stands out plain. In spite of elaborate inspection systems

and careful, conscientious work, some injurious foreign species continue

to creep in and become estabhshed.

CAGES AND METHODS OF STUDYING UNDERGROUND
INSECTS 2

By John J. Davis, Lafayette, Indiana

Our studies the past few years with Lachnosterna and related insects,

whose immature stages are passed underground and which have a one-

to four-year life-cycle, have given us an opportunity to determine the

relative value of various cages.

1 Determined by Mr. Schwarz.
2 Published by permission of the Chief of the Bureau of Entomology, United States

Department of Agriculture.
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In working out the complete life cycles the following general types

of cages have been thoroughly tested with more or less satisfaction.

1. Ordinary standard size flower pots, 12, 15, and 16 inches respec-

tively in diameter and depth. Red pots have proven more satisfactory

than others for they do not crack and scale so badly from freezing and
thawing (Plate 3, figs. 2 and 4). 2. Cyhnder-shaped cages 20 inches

in diameter and 4 feet deep, constructed of 18- and 20-mesh brass

and bronze wire cloth, buried their entire depth and covered with a
cone-shaped wire top. 3. Cylinder-shaped cans, 20 inches in diam-

eter and 2J feet deep, made of galvanized iron with openings at the

bottom for drainage. 4. Cylinder-shaped cans as No. 3 but with 4

square feet of 18- or 20-mesh brass or bronze cloth on sides, and the

bottom of the same material. 5. Cylinder-shaped cages entirely of

18-mesh galvanized wire cloth (Gilbert and Bennett's ''Pearl" wire)

20 inches in diameter and 2^ feet deep, buried their entire depth, as

the others, and covered with cone-shaped wire covers (PI. 3, fig. 1).

6. Cylinder-shaped cages as No. 5 with an outer casing of heavy 6-

mesh galvanized screen. (PL 3, fig. 3.) 7. Cages constructed of

20-inch tile, one and two tile deep and covered at the bottom with a

durable wire screen. 8. Rectangular-shaped cages 5x8 feet in width

and length, 2J feet deep below ground and 2J feet above ground, con-

structed of metal and wooden frames covered with 18-mesh pearl wire

cloth (PI. 4, fig.
5).i

Coleopterous larvae with a three-year life-cycle were bred in all of

the cages from egg to adult. Type No. 2 has been discarded since

the galvanized wire will last sufficiently long and is not nearly so

expensive as the brass or bronze cloth, and it has been definitely

decided that cages need not be over 2J feet deep, at the most. The
tile cages (No. 7) were no more satisfactory than the flower pots and

were quite difficult to examine. Cages 5 and 6 were quite satisfactory

but they were no more so than the flower pot cages and since they are

considerably more expensive, they will hereafter be replaced largely

by the latter. Cages 3 and 4 are somewhat cheaper than 5 and 6 and

about as satisfactory but will be replaced hereafter by pot cages, for

the reason just given. The large rectangular cages (No. 8) are quite

satisfactory and are used to serve as checks on the smaller cages.

Usually several species of the same genus are placed in each of these.

As already intimated, the flower pot cages, taking everything into

consideration, are the most satisfactory, are easily handled, cheap, and

well suited for underground insects. The pots are filled with good soil

1 Cages of this style may be used for a double purpose, first as breeding cages for

underground insects, and second for studying the seasonal life-history of aerial

insects, such as the army worm {Heliophila unipuncta) as was done at Lafayette the

past year.
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which has been sifted to make certain it is free from insects, and seeded

with a mixture of timothy and blue grass. Pieces of old corn stalks

are usually included since the young grubs {Lachnosterna, Cyclocephala,

Anomola, etc.) like to feed on decaying vegetation, and for grubs which

are partially or wholly scavengers manure is added. Pots thus pre-

pared are buried in the soil almost to their tops, and covered with

cyUnder-shaped tops as in the accompanying illustration (PL 3, fig.

4). Beetles, preferably pairs collected in copula are introduced and

in the case of leaf-eating beetles, foliage is supplied as needed. It is

necessary at various times to reseed or plant corn in the cages and,

above all, it is essential to watch them and water as required, for they

do not hold the moisture as does soil under natural conditions. It is

equall}^ necessary to water the wire cloth cylinder cages during the

warmer and drier parts of the year for they do not retain the moisture

any better, if as well, as the pots. During the winter, covers are

removed and the pots covered with straw and this with strawy manure

to a depth of one foot, which will gradually pack down to a compara-

tively thin layer (PI. 5, fig. 9). Since the grubs do not, in flower pot

cages, have an opportunity to go down to their normal depth for hiber-

nation, this precaution is desirable and does not materially affect the

conditions as found in nature. Cages such as these, which are used

to obtain the total life-cycle, are examined for grubs only once or twice

in a year in order to obtain specimens of the different aged grubs, and

duplicate cages are invariably left undisturbed until the summer the

beetles are to appear.

For obtaining eggs and records of individual pairs, 12-inch three-

quarter or standard size pots filled with finely sifted soil are used.

They are covered with w^re screen tops within which single pairs are

placed. The soil in these cages is not seeded nor are the pots sunk in

the soil, but foliage is suppHed as needed and a record kept of the

amount of each kind of foliage eaten by the beetles. The pots are

kept in .a shaded or partially shaded location and every day or every

few days the cages are sifted, using a 16-mesh riddle. If the soil

contains the proper moisture content, the small balls of earth contain-

ing the eggs will remain intact, the loose soil sifting through. ^ The
balls of earth are broken in half and the part containing the egg or

eggs placed in boxes of soil, or small cavities, resembling the original

egg cavity, are made in the boxes of earth and the egg placed therein,

a damp camel's hair brush being used to dampen the eggs. The earth

in the egg boxes is moistened as necessary and kept in a cool place

comparable with natural soil conditions. We have also used shallow

1 This is the case with Lachnosterna, Allorhina, Euphoria, Diplotaxis, etc., but a
few beetles do not make such a compact ball and the eggs appear in the riddle free.
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pots known to dealers as fern pots (PI. 4, fig. 6), for egg incubators but

the tin boxes (PL 4, fig. 7), have given us more uniform satisfaction.

In order to study the habits of the grubs, their growth, molts, etc.

one-ounce tin salve boxes are employed (PI. 5, fig. 12). These are

filled with soil, moistened to the proper degree, the grubs placed

therein and a grain or two of wheat added. Extreme care is necessary

in handling the young grubs and they must be disturbed as little as

possible. Older grubs are fed grains of corn and are examined once a

week, fresh soil and corn being added as needed. For convenience in

handling we have trays (PI. 5, figs. 10 and 11), made to hold 60 or

70 tin boxes and just the depth of the boxes and these are fitted in

grooves, like the drawers of an insect cabinet, thus putting them in

compact form and in such shape that any individual drawer or tin

tray can be drawn out and examined without disturbing the others.

By use of a blue pencil, such as is designed for writing on china, tin,

etc., the cage number can be placed directly on the box and it will not

be erased except by vigorous rubbing. As winter approaches all of

the tin boxes are carefully examined to prepare the grubs for hiber-

nation. All grain and vegetation is removed and the soil properly

moistened. Watering, especially at this time of year, is an important

item, time and experience alone enabling one to judge; it suffices to

say that overwatering is the more natural and consequently to be

guarded against. After the boxes are prepared for winter they are

left in the tin trays which are placed one on top of the other, or are

placed in pasteboard boxes holding a half gross or more, and buried in

a compost heap to the depth of from one to two feet (PL 5, fig. 8).

The tin boxes above described are invaluable for many purposes.

Grubs received from different localities and situations are reared in

them with very little effort. When filled with sphagnum moss they

make excellent receptacles for sending living grubs and other insects

liable to injury in shipment. The past summer we successfully em-

ployed them for obtaining molts, length of instars, amounts of foliage

eaten during different instars, etc., of the army worm (Heliophila

unipuncta), one-ounce size being used up to the fifth molt, after which

three-ounce boxes were used. They are simple, cheap, easily handled,

and the molts readily determined, enabling us to run an extensive

series of individuals. It is scarcely necessary to say that in the case

of the army worm, check experiments were run to determine whether

or not the tin boxes produced unnatural conditions for the larvae, and

in this case they did not, larvae in the tins behaving, feeding and molt-

ing as did larvae in several other kinds of cages. From our experience

with tin boxes they are the simplest breeding cages available and,

considering everything, will prove to be as invaluable to the entomolo-

gist as to the salve doctor.
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Since this paper was ^Titten Mr. A. A. Girault has published an

article on methods of rearing Scarabseid larvse (Jour. Econ. Ent.,

Vol. 7, Dec. 1914. pp. 445-447). The author concludes that the under-

ground Tower cages, which in this case are presumably underground

cyhnder cages made of wire gauze, are the most satisfactory, wooden

boxes next and the flower pots third choice. Other circumstances not

referred to in the table must have influenced these conclusions since

they are not satisfactorily corroborated therein. Girault does not

indicate the size of pots or Tower cages used and this might have a

decided influence on the percentage of maturities, nor does he indicate

the number of grubs per cage except in the case of a few examples and

it is evident that up to a certain limit, the fewer the grubs the greater

the percentage of maturities, other factors being equal. Furthermore,

only larvse within five months of pupation were used and in the case

of the flower pots all were kept indoors (apparently not buried) , hence

it is impossible to make a satisfactory comparison between the results

secured by Girault and those of the writer. In the case of half-grown

grubs it is quite certain from our own results that the small individual

tin boxes will prove as satisfactory, if not more so, than pots or other

cages. Girault makes an excellent point and one which we corrobo-

rate when he says, ''It would seem that the kind of cage mattered very

little, providing they received good attention."

Explanation of Plates 3-5

Plate 3, fig. 1. Large underground breeding cage of 20-mesh Pearl wire cloth.

Fig. 2. 15-inch pots with wire screen dish cover tops.

Fig. 3. Large underground breeding cage of 20-mesh Pearl wire cloth covered with

6-mesh wire screen.

Fig. 4. 15-inch flower pot cage with cylinder-shaped tops.

Plate 4, fig. 5. 5 ? 8 ft. underground breeding cage.

Fig. 6. Flower pot saucer egg cage.

Fig. 7. Tin box egg cage.

Plate 5, fig. 8. Compost heap in which certain cages are buried during the winter.

Fig. 9. Row of flower pot underground cages covered with strawy manure.
Figs. 10 and 11. Tray containing individual tin box cages.

Fig. 12. Individual tin boxes showing white grub in prepupal stage and cell

constructed by it (natural size).

r
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A PRELIMINARY LIST OF INSECTS WHICH HAVE WILT,
WITH A COMPARATIVE STUDY OF

THEIR POLYHEDRAL

By J. W. Chapman and R. W. Glaser

I. Description of Wilt

Although the nature of wilt in the gipsy moth will be thoroughly

discussed by Glaser in a paper soon to be published, a restatement

of its recognizable characteristics is necessary for a complete under-

standing of the discussion which is to follow; also because many
persons are of the belief that wilt is peculiar to gipsy moth cater-

pillars only.

Clinical Picture

The wilt is characterized by the formation in the bodies of infected

caterpillars of polyhedral-shaped, highly refractive, angular bodies,

which have their origin in the nuclei of the tracheal matrix, h^^po-

dermal cells, fat cells and blood corpuscles. Later some of these

burst and the poyhedra are set free in the blood. When death

results they make up a great part of the saponified body tissues of the

caterpillars. The caterpillars hang by their prolegs, become flaccid

and their skin disrupts at the slightest touch. An examination imme-

diately after death reveals few or no bacteria and no bad odor. The
wilt appears in nature in both a chronic and an acute form. If, how-

ever, a dead caterpillar, on microscopic examination, shows no pol}^-

hedra it does not have wilt, even though all the gross symptoms
may be present.

The point we wish to emphasize is that a consideration of both the

external characteristics and the potyhedra is essential to a complete

diagnosis of isolated or chronic cases of wilt; because there are a num-
ber of diseases of caterpillars, such as fungous, protozoan and possibly

bacterial diseases, with which it might easily be confused under such

conditions, even by the most experienced. If on the other hand the

wilt has reached the epidemic form, it is highly improbable that it

could be confused with am^thing else.

Following this rule of diagnosis we should look for wilt in all forms

of insect life; for where it was thought to be rare it has proven to be

common and widely distributed as will be seen from the following

insects reported to be affected by it. For convenience of discussion

and to prevent possible confusion we have divided them into three

groups.

1 Contribution from the Bureau of Entomology in cooperation with the Bussey

Institution of Harvard University. (Bussey Institution Xo. 85.)
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Group A contains, with the exception of the silkworm, the insects

we have studied. Six families and ten species are represented.

Group B contains a list of insects reported to have polyhedral-sick-

ness by the European investigators, Prowazek, Escherich, Wahl, BoUe,

Bohm, etc.

Group C is made up of insects found in the United States that have

a disease or diseases similar to "^dlt in many of its clinical aspects.

With the exception of Colias philodice none of this group have been

examined bv us.

List of Species, with Their Distribution

I. Satumidae.

1. Hemileuca' olivia Ckll.

II. Noctuidse.

2. Leucania unipuncta Haw.

3. Laphyg77iafrugiperdaS.&A.

HI. Dioptidae.

4. Phryganidia californica Pack

ard.

Group A
IV. Lymantriidse.

o. Porthetria dispar L.

6. Lymantria monacha L.

7. Orgyia leucostigtna A. &. S.

V. Lasiocampidse.

8. Malacosoma americanum

Fabr.

9. Malacosoma disstria Hiibiier.

VI. Bombycidse.

10. Bombyx mori L.

I. Sphingidae.

11. Deilephila sp.

12. Smerinthu^ atlanticus Auct

11. Satumidae.

13. Antherea pernyi Guer.

14. Antherea yama Guer.

15. Antherea mylitta Drur.

16. Philosamia cynthia Drur.

17. Saturnia pavonia major O.

III. Noctuidae.

18. Prodenia litosia

IV. Lymantriidae.

19. Orgyia antiqua L.

Group B
V. Notodontidae.

20. Harpyia bifida Hubn.
VI. Geometridae.

21. Bupalus piniarius L.

VII. Tortricidae.

22. Conchylis amhiguella Hubn.
VIII. Tenthredinidae.

23. Lophyrus rufus Ratz.

IX. Muscidae.

24. Calliphora vomitoria L.

X. Dermestidae.

25. Dermestes lardarius L.

26. Anthrenus musceorum L.

Group C
I. Pieridae. 31. Heliothis obsoleta Fab.

27. Colias philodice Godart. 32. Autographa gamma californica

28. Eurymus eurytheme Boisd. Speyer.

II. Arctiidae. 33. Autographa hrassicce Rileyi

29. Hyphantria cunea Drury. IV. jSTotodontidae.

III. Noctuidae. 34. Heterocampa guttivitta Wlk.
30. Alabama argillacea Hubn.

1 January 23, 1915. Polyhedra were found in a caterpillar of Autographa brassicce

Riley during the past week.
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Distribution—Group A

One of the most interesting phases of wilt besides its occurrence in

SO many widely different species, is its geographical distribution. We
have already called attention (Dec, 1913) to its almost general oc-

currence in the Nun moth caterpillars and silkworm in Europe^

where it is commonly known as ''Polyederkrankheit" or polyhedral

sickness.

The Gipsy Moth

Glaser (1915) has shown that the wilt is present throughout the

entire gipsy moth infested area in New England.

Apple Tent Caterpillar

Observations on the tent caterpillars which we also previously re-

ported have not been so general as those of the gipsy moth. However,

more attention was given to them the past summer and one point in

particular, near Lunenburg, Mass., was kept under observation. This

was one of the gipsy moth observation points and consisted of a tract

of mixed forest of perhaps fifty acres, surrounded by a dense swampy
growth of many acres in extent. It was in this low growth that the

apple tent caterpillars suffered almost complete annihilation from

wilt. It first appeared in a chronic form, a few dying here and there

in the webs. These would sometimes be spun over by the remainder

of the colony before others died. It became epidemic about the time

of complete defoliation (May 28-31, 1914), and within a few days

thousands of webs were covered with dead and dying caterpillars,

most of which were distinctly strawberry red in color. We searched

this area for living caterpillars at this time and only a few were found.

All of these when examined showed polyhedra in their blood. They
too died in a few days.

Forest Tent Caterpillar

Though the wilt was also reported to have occurred in many places

m the Forest Tent caterpillar, neither of us have seen more than a few

typical cases from the field. Many caterpillars were sent in by the

field men but only a few of them proved to have typical wilt.

The Army Worm
An outbreak of the army worm on Long Island, Boston Harbor,

during August, gave us an opportunity to determine if wilt also occurred

in that species. A trip w^as made to the Island through the courtesy

of the officers of the penal institution of the city. Several hundred

caterpillars were collected. Nothing resembling wilt was seen at the
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time though many were dead or d^^ing. The next day a typical case

of wilt developed in one of the stock trays in the laboratory. The
caterpillar was flaccid, hung by its prolegs and the skin broke at the

slightest touch. A thin grajdsh liquid oozed out which proved on

examination to contain almost pure polyhedra. Other cases of wilt

developed in these trays from time to time. A number of deaths

were also caused by bacterial infection as the post-mortem examina-

tions showed.

We have had shipments of army worms from Nantasket, Mass.,

Hagerstown, Md., and Norfolk, Ya. That the wilt was present in

all of these places was shown by the typical cases of wilt in the ship-

ping boxes at the time of their arrival at the laboratory from these

places. J. A. Hyslop, of the Bureau of Entomologj^, who is located

in Maryland, shipped 350 caterpillars (isolated in separate pill boxes)

at one time. These were from seven different broods. Brood number
five had 52 caterpillars, 50 of which were dead when we received the

shipment. The remaining two died before the next day. There were

also 30 dead in the other six broods, making a total of 82 dead with

wilt out of 350 caterpillars.

Prof. Franklin Sherman, Jr., of North Carolina, recently informed

us, after we had described the wilt to him, that some such malady did a

great deal towards checking an outbreak of the army worm in North

Carolina the past summer.

We have been more recently informed concerning the appearance

of the wilt in two other outbreaks of the army worm, one in Illinois

and the other in Oklahoma.

The Tussock Moth

During 1911 we made observations on the Tussock moth on Boston

Common. A disease appeared among the second generation cater-

pillars which almost completely destroyed them. It had all of the

external appearances of wilt and was so considered by us at that time^

though no microscopical examination of the caterpillars was made.

The Tussock moth has been so scarce in New England since then that

we have been unable to verify the observations of 1911.^ The abun-

1 Since the above was written we found some of the dried Tussock moth caterpillars

taken on Boston Common, Aug., 1911, which had been stored with other insect

materials. We examined them and the polyhedra were found to be plentiful and as

fresh in appearance as though they came from caterpillars of the past season.

December 22, 1914, we received a letter from J. S. Houser, Associate Entomologist

at the Agricultural Experiment Station, Wooster, Ohio, in which he says of 0. leuco-

stigma: "The accompanying photograph was taken July 7 at the time the cater-

pillars were supposed to be transforming to the pupal stage. The plot was practically

defohated, and for this reason attracted my attention; but much to my surprise I was
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dance of this insect the past summer in Washington, D, C, provided

the longed-for opportunity. Mr. E. R. Sasscer, of the Bureau of Ento-

mology, kindly consented to send us caterpillars. About five hundred
second generation caterpillars arrived from him the latter part of

August. Beyond a few crushed in transit the}^ appeared healthy and
in good condition. Attached to some leaves which had served as

food were two first generation pupae which had failed to mature.

These were examined and found to be full of polyhedra. Two days

later a caterpillar was found dead, hanging by the prolegs. When
grasped by a pair of forceps, its prolegs were left clinging to the side

of the box. The case was as typical as any we had seen in the

gipsy moth and the polyhedra were just as plentiful. A few of these

caterpillars died each day until less than one dozen pupated out of more
than five hundred caterpillars.

The Oak Caterpillar, Phryganidia californica

Early last spring we received word from one of Professor Kellogg's

students at Stanford saying, ^'The Oak caterpillars are dying with a

disease similar to wilt." We wrote him for material which he kindl}^

sent; and though in poor condition when we received it, we were able

to confirm his observations. Polj^hedra were found in abundance in

the dead caterpillars. According to his description of the disease it

completely controls this pest at times and like wilt does the most good

when defoliation has almost taken place.

The Range Caterpillar

Mr. H. E. Smith of the division of Cereal and Forage investigation

has, the past summer, been working on the Tachinid parasites of the

range caterpillar at the Melrose Highlands Laboratory.

On learning that we had found the wilt in other species of caterpillars

besides the gipsy moth, he sent us a few Range moth caterpillars, one

of which showed typical wilt symptoms. It proved on examination

to be a very typical case. Since this was the last of his stock we have

not had an opportunity to examine others, and therefore cannot say

whether the wilt occurs naturally in the field or not. We will have to

wait another season to determine this point.

unable to find any pupae. Upon examination, the dead caterpillars were found

everywhere clinging to the branches, and also occurring in great abundance on the

ground beneath. Some few caterpillars were yet ahve, but were very sluggish. • I

collected some of these and carried them home, but they all died apparently from

wilt," etc.

Mr. Houser enclosed some of the caterpillars he collected at that time. The

abundance of the polyhedra in these caterpillars shows that they died of wilt.
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Distribution-—Group B

The insects contained in this group are reported on the authority of

European investigators, who in the course of their studies of the

disease of the Nun moth and silkworm caterpillars, either found

a similar disease in these other species or by inoculation with the

virus of diseased Nun or silkworms produced a similar condition in

them.

Though details are generally lacking, enough information, in case

of the majority of the caterpillars, is given to dispel any doubts one

may have that the observers were not dealing with true polyhedral

diseases. However, in regard to the production of the polyhedral-

sickness in the larvae of beetles and flies we do not feel so confident.

Without going into too minute detail w^e should like to know whether

the wilt ever occurs in these insects naturally. Also if all the typical

sj^mptoms are manifested in these individuals as in caterpillars. Until

this and other more detailed information is forthcoming, we cannot

come to any decision on the matter, further than to say all our own
efforts in this direction have resulted negatively.

Distribution—Group C

We believe the species in this group should be reported at this time

because they are all of more or less economic importance and particu-

larly because they have a caterpillar malady which has checked them
considerably, if not completely controlled them at some time or other.

The various observers who have worked on. the life histories and habits

of these pests or have studied some special outbreak of them have

made special mention of these maladies and their possible importance

as factors in controlling these pests.

In looking over the histories of these diseases and in some instances

getting the information at first hand from the investigators themselves,

we were impressed with the similarity of many of them to wilt. With
the exception of Colias philodice, we have not examined any diseased

caterpillars of this group. A few Colias caterpillars which we tried

to infect by feeding them army worm wilt died. They did not

show the typical wilt symptoms. However, on examination a few

polyhedra were found. We are incKned to believe that their presence

in the Colias caterpillars was due to the unsatisfactory manner of

feeding. Some of the material may have dried on the skin of the

caterpillars. It was then washed off when the caterpillars were crushed

for examination. Until this experiment is repeated several times or

the wilt is found naturally in this species we cannot accept these results

3iS final.

11
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Comparative Study of Polyhedra

The question now arises whether or not there is more than one dis-

ease in the condition known as wilt. In Europe, as we have already

pointed out, in a previous paper (Dec, 1913), there is a tendency to

diagnose insect diseases, where polyhedra are present, as ''Polyeder-

krankheit" or polyhedra-sickness. The idea is excellent, for though
the diseases may not be identical they are similar in many respects^

and until we know more about their cause certainly no harm can come
from grouping them in this way.

We have adopted this scheme as will be seen from the preceding

list of insects known to have polyhedra, and we have used wilt synony-

mously with '^Polyederkrankheit.

"

Returning now to the question whether or not there is more than

one disease concerned with wilt. We undertook a comparative study

of the polyhedra in the different species of caterpillars: first, to see

what light if any could be thrown on this phase of the problem
;
second,

if by such a §,tudy we might determine the relation of the polyhedra

to wilt.

We proceeded as follows: Smears were made either from fresh or

dried wilt material. These were dried, fixed by passing through a

flame, and stained by Giemsa's method. Five fields, of ten adjacent

polyhedra each were drawn by camera lucida from each slide (one

from each of the four corners and one from the center). These were

drawn at the same magnification and at the height of the stage of the

microscope. A stage micrometer was also projected and drawn. All

measurements were then made with this enlarged scale. This pro-

jected scale was afterwards checked with measurements by an eye-

piece micrometer.

We are not able at this time to present polyhedra from all the species

named in group A. Unfortunately the few specimens of wilt of the

Range caterpillar and army worm which we examined were not pre-

served. We can say however they differed in no material way from

the polyhedra of the other eight species we have presented. (See

PI. 6, figs. 1-8).

As to the first part of the question. We must admit the compara-

tive study of the polyhedra has added little of positive value; for with

the exception of the silkworm caterpillars (PI. 6, fig. 4, after Prowazek)

which are distinctly rhomboidal, seldom pentagonal or hexagonal,

there exists a striking similarity in shape between the polyhedra of the

other seven species. If it is true that some of the polyhedra are more

1 (1) Have polyhedra, (2) become flaccid, (3) hang by the prolegs, (4) body tissues

become saponified, (5) and there is both a chronic and acute type in nature.
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angular than others but with, the possible exception of the tent cater-

pillars, this is characteristic of individual polyhedra in the same cater-

pillars, where the}^ may vary from an almost spherical to a decidedly

angular form.

Another striking fact is the great difference in size between the poly-

hedra in the different species studied. (PL 6, figs. 12-14.) Taking

the average of five microscopic fields in each species studied, the poly-

hedra of the gipsy moth are the largest, measuring in diameter

and those of the tussock moth the smallest, measuring 1.64/z in diam-

eter. The polyhedra of the other species are intermediate in size.

Glaser in his study of the polyhedra of the gipsy moth caterpillars

found some measuring as much as 15jjL in diameter, while in the same

caterpillar there were mam' measuring 1.5^ and 2^ in diameter with

all possible gradations between these two extremes.

As to the second part of the question, what relation have the poly-

hedra to wilt? AYe have previously stated (Dec, 1913) that the

polyhedra were reaction products, a view also held by many European

investigators. This view we further believe is strengthened by the

present study of the polyhedra.

A further study was made of some polyhedra taken from caterpillars

which died in experiments of cross infection. (PI. 6, figs. 9-11.) That

is, apple tent caterpillars were fed with gipsy moth wilt and gipsy

moth caterpillars were fed with Nun wilt. A number of such infections

were tried but the reciprocal infections were not made. Until this is

done we cannot express a definite opinion on the results we have ob-

tained so far. We present it more to call attention to or to show what
might be done in the future in an experimental way, that might give

the solution to the problem.

We wish at this time to thank all those who have in any way aided

us in this wwk; especially those who have sent us material from the

field.

Summary and Conclusions

1. Wilt occurs in many widely different species of insects.

2. The clinical aspects of wilt are very similar in all the species of

caterpillars studied by us.

3. Wilt first appears in a chronic form, as conditions become more
unfavorable it becomes acute, and finally terminates in a general

epidemic.

4. There is a striking similarity in shape between the polyhedra of

the different species of caterpillars given in Group A.

5. The polyhedra in the different species vary greatly in size.

6. The great difference in size which exists between polyhedra

in the same caterpillar tends to strengthen our view that the poly-

hedra are reaction bodies.
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Explanation of Plate 6

Note.—Each figure consists of one microscopic field of ten adjacent polyhedra.

Two measurements are given under each figure. The first refers to the average size

of the ten polyhedra given in each figure. The second is the average of five such

microscopic fields.

Fig. 1. Polyhedra of a Gipsy moth caterpillar.

(Average size 3.4^ and 3.39^1)

Fig. 2. Polyhedra of a Nun moth caterpillar.

(Average size 2.65/i and 2.43^)

Fig. 3. Polyhedra of a Forest tent caterpillar.

(Average size 2.6ai and 2.5m)

Fig. 4. Polyhedra of a silkworm.

(After Prowazek) Mag. 1400 diam.

Fig. 5. Polyhedra of an Apple tent caterpillar.

(Average size 2.05/x and 2.2/x)

Fig. 6. Polyhedra of a Tussock moth caterpillar.

(Average size 1.5/j and 1.64^)

Fig. 7. Polyhedra of an army worm.

(Average size 2.3/x and 1.88^)

Fig. 8. Polyhedra of a Phryganidia caterpillar.

(Average size 1.6,u)
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Fig. 9. Polyhedra of a Gipsy moth caterpillar fed Nun wilt.

(Average size 2.5/x and 2.1^1)

Fig. 10. Polyhedra of a Gipsy moth fed Phryganidia wilt.

(Average size 2.15^ and 2.1^)

Fig. 11. Polyhedra of an Apple tent caterpillar fed Gipsy moth wilt.

(Average size 2.35^ and 2.2^1)

Fig. 12. Polyhedra of a Gipsy moth caterpillar.

(Showing two extremes)

Fig. 13. Polj^hedra of an Apple tent caterpillar.

(Showing two extremes)
^

Fig. 14. Polyhedra of a Forest tent caterpillar.

(Showing two extremes)

Drawn by camera lucida. (Ocular 6, Oil immersion t2, tube length 160 mm.)

MYCODIPLOSIS MACGREGORI N. SP.

By E. P. Felt, Albany, N. Y.

The small iriclge described below was reared July 16, 1914, by

Mr. E. A. MacGregor, Batesburg, S. C, from red spider on cotton,

and at the tim.e of rearing it was supposed to be identical with Arthroc-

nodax Carolina Felt. This new species runs in our keys to M: tsugce

Felt, from which it may be easily separated by the equal and shorter

stems of the fifth antennal segment and marked differences in the male

genitalia.

Male. Length 1.2 mm. Antennae one-fourth longer than the body, sparsely

haired; fuscous yellowish; 14 segments, the fifth having the two portions of the stem

nearly equal, each with a length one-half greater than its diameter; terminal seg-

ment with the basal enlargement oblate, the basal portion of the stem slender and

with a length about twice its diameter, the distal enlargement stout, with a length

one-half greater than its diameter and roundly tapering to an irregular, finger-hke

process less than one-half the length of the distal enlargement. Palpi; first segment

irregular, the second with a length one-haK greater than its diameter, the third one-

half longer than the second, more slender, the fourth nearly twice the length of the

third and somewhat compressed. Mesonotum fuscous yellowish. Scutellum and

postscutellum yellowish. Abdomen light fuscous yellowish, the genitalia slightly

fuscous. Wings hyaline. Halteres whitish transparent. Coxae and femora mostly

pale yellowish, the tibise slightly darker and the tarsi a light straw; claws slender,

evenly curved, the anterior and mid claws unidentate; pulvilli reduced, about two-

thirds the length of the claws. Genitalia; basal clasp segment long, slender; terminal

clasp segment rather short, stout, nearly straight, the dorsal plate short, deeply

and roundly emarginate, the lobes tapering to a broadly roundly apex; ventral plate

moderately long, tapering at the basal third, the distal portion of the sides nearly

parallel, the apex broadly rounded and with two pairs of large, latere-posterior

setae; style long, slender, acute. Type Cecid. a2601.
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M. T. Sheerin.

POLYHEDRA OF VARIOUS CATERPILLARS
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A NEW SARCOPHAGA PARASITIC ON ALLORHINA
NITIDAi

By J. M. Aldrich, Assistant in Cereal and Forage Insect Investigations, U. S. Bureau

of Entomology, Lafayette, Ind.

The publication of the following new species is desired in order that

it may be referred to in a forthcoming article on the host.

Sarcophaga utilis new species.

cf . Robust black species "vsdth first vein bare, dorsocentrals much reduced and

hardly differentiated except the hindmost two pairs, no acrostichals except the

prescutellar pair, hind tibiae not vdih long, erect viUosity; and hypopygium red

except for an indistinct blackish band across the middle of the first segment.

Head broad, the front at narrowest equal to | of one eye, black above, the frontal

stripe wide, black; lower part of the parafrontals together with the parafacials and

anterior part of bucca rather grayish-yellow pollinose, a darker reflecting spot later-

ally from root of antennae; beard mixed black and yellowish; bucca about haK the

eye-height in profile view; proboscis ordinary, palpi black; vibrissae inserted weU
above oral margin, almost on a level with lower edge of eye. Outer vertical bristle

well developed, almost hke inner; three fairly regular rows of black ciHa behind the

compound eye; parafacials less than half as wide as median portion of face, with an

obUque row of small bristles close to orbit and a few scatter-

ing; antennae entirely black, third joint rather short and

wide, twice the length of the second; arista loosely plumose

for three-fifths of its length.

Thorax black, gray-pollinose, with the usual three black,

sub-shining stripes, of which the middle one broadens out

on the scutellum and is accompanied anteriorly by a fine line

each side; another pair of stripes on the sides of the meso-

notum, abbreviated in front, extend to the metanotum;
pleurae lightly pollinose, mostly blackish; scutellum large,

with only two lateral pairs and a smallish apical pair of

macrochaetae, together with a medium-sized subdiscal pair;

halteres yellow, the stem and base of knob brownish; Yig. 9. Sarcophaga
calypters white. ^^^n^ sp., male gen-
Abdomen gray-pollinose with the usual tessellated appear- italia.

ance, when viewed from behind showing three longitudinal

blackish stripes; the hind margin of the fourth segment red in ground color; second

segment without median marginal macrochaetae, third with a single pair, fourth

with a row of about 18 across the dorsum.

The hypopygium normally retracted is rather large, red, the first segment more or

less blackish on the base of the exposed part (really the middle), without row of

bristles apically; second segment red, globose, with long blackish hair, more dense

about the forceps. When unfolded the gemtaHa usually (in seven of eight examined)

have the terminal part of the penis enveloped in a gelatinous mass, so that its structure

cannot be made out; the accompanying drawing is made from a specimen that had
been boiled in water, which successfully freed it from this substance. The long,

abundant, backward-directed hair is omitted from the main part of the forceps.

The drawing was made shortly after boiling, while the specimen was plump, but it

^ Published by permission of the Chief of the Bureau of Entomology.
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did not undergo much change in drying. The two apical sharp points of the penis

are paired structures, as in fact all the other parts shown are. The tips of the for-

ceps are very characteristic, being covered with erect, short, stiff hairs so that only

a little of the black apex is visible; the rest of the forceps before the erect hairs is red

in color.

Wings subhyaline, small crossvein not clouded, third vein bristly haKway to it or

sometimes a little more; apical cell rather widely open; epaulet black, subepaulet

pale yellow. Legs entirely black; pulvilli blackish, large but shriveled in drying, all

claws elongated, fourth tarsal joint very short, less than half the fifth; hind femur with

intermediate row of short bristles; middle femur with short posterior comb (below

near tip).

Length to hypopygium, 8-9 mm.
9 . Front wider, equaling one eye; palpi more clavate; dorsocentrals a httle

better developed, four behind the suture, of which the anterior two are small; scu-

tellum without apicals; tip of abdomen red beginning with the last third or more of

the fourth segment; fifth segment deeply notched above and with an almost sht-hke

aperture behind, which is fringed with small bristles above; spiracles of fifth segment

visible; claws and pulvilli of medium size, the latter dark yellow; hind femora with-

out intermediate row of bristles; two pairs of orbital bristles.

Length, 7-13 mm.

Material examined: One male and one female, Norfolk, Va., Sept.

6 and 18, 1914, bred from pupa of Allorhina nitida by D. E. Fink;

four males, Logansport, Ind., June 30, 1914 (Aldrich); two males, La-

fayette, Ind., Sept. 16 and Oct. 9 (Aldrich); four males and one

female, Tifton, Ga. (Hough Collection) ; four females, Opelousas, La.

(same); one male. Agricultural College, Mich, (same); one female,

Orlando, Fla. (same); and one from Pullman, 111. (same).

The type is selected from the Logansport lot, but the drawing is

from the paratype bred from Allorhina, as it showed after boiling the

details of the penis, but was not in other respects suitable for the type.

Two males and two females (including type) deposited in the U. S.

National Museum.
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The Philadelphia meeting has become histoiy. Those privileged to

attend can hardly class the gathering as other than one of the most
pleasant and profitable. The program was full but not so overcrowded

that discussion was impractical and we have yet to learn of serious

conflicts between the meetings of closely allied societies. Material

progress was made with the Index of Economic Entomology. The
plan has been carefully outlined and compilation has alreadj^ started.

There was a large increase in the membership and the finances of the

Journal have been put upon more substantial basis. These are all

creditable achievements and continuations of earlier adopted policies.

The design for an official seal for the Association of Economic Ento-
mologists should receive careful consideration, and, as mentioned in the

report of the Executive Committee, suggestions are desired by those

with whom the final decision must lie. Melanoplus spretus has been
suggested as particularly well qualified to occupy a prominent place

on the seal. Its claims to this distinction ma}^ be briefly stated as fol-

lows: It is an important insect pest and its activities in earlier years

resulted in the organization of the United States Entomological Com-
mission—a pioneer in the exhaustive and fruitful studies so character-

istic of the present day. The ravages of this insect raised the public

estimation of applied or economic entomolog}^ from a tolerated and
presumably somewhat beneficial calling to one of great practical im-

portance—a rating abundantly justified in the developments of later

years and attested by the present wonderfully efficient Federal Bu-
reau of Entomology with its extended ramifications and the numerous
state agencies employing skilled scientists in the study of insect
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problems. The Rocky Mountain Locust really started the com-
prehensive entomological work of the present day and as a conse-

quence was an important factor leading up to the organization of

this Association. Furthermore, this insect is a characteristic American

species with close allies so widely distributed throughout the world,

that the casual observer in almost any country would associate the

illustration of this species with familiar, injurious insects, even though

he were unable to decipher the lettering on the seal.

Reviews

Some South Indian Insects and Other Animals of Importance, con-

sidered especially from an economic point of view, by T. Bainbridge
Fletcher. Printed by the Superintendent, Government Press,

Madras, India. 4to, p. i-xxi, 1-565, figs. 440, plates 50. 1914.

This large and rather weighty volume has an introduction of 74 pages dealing with

the structure, classification and ecology of insects. The chapter on the control of

insect pests is thoroughly modern and of interest to entomologists of America largely

because of the emphasis laid upon hand collecting, a method particularly adapted to

regions where there is an abundance of cheap labor. Here are also found excellent

directions for the destruction of termites. The table of equivalent weights and

measures is a valuable feature, especially where a double or treble system exists.

Chapters 12-23 deal with the principal crop pests, the groupings being somewhat

unfamiliar to American eyes, namely, Caterpillar Pests of Crops, Grasshoppers,

Crickets and Termites, to mention a few. There is a brief chapter on Household

Insects, the paragraph dealing with wasps and bees having a distinctly local color.

The disease-carrying insects naturally receive considerable attention and in the

chapter one finds a list of Anopheles with the malaria and filaria carriers indicated

and a tabulation of the principal diseases of India known to be carried by insects.

The chapter on some other animals briefly discusses native mice, rats, fruit-eating

bats, birds and snakes, to mention a few of the more important. This portion of

the work ends with a list of the principal crops and their enemies.

The remainder of the volume, pages 264-547, consists of very brief accounts sum-

marizing the biological data and arranged on a systematic basis. The numerous

excellent text illustrations and the large series of colored plates, the latter mostly

reproduced from Indian Insect Life, Fasaler Poka and The Agricultural Journal of

India add greatly to the value of the work, a compilation which must prove of much
service to workers in similar faunal regions.
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Current Notes
Conducted by the Associate Editor

W. F. Turner, formerly assistant entomologist at the Alabama Station, is now at

Vienna, Va.

The degree of doctor of philosophy was conferred on C. H. T. Townsend, October

29, 1914, by George Washington University.

An index to Circulars 101 to 173 of the Bureau of Entomology will soon be issued

by the United States Department of Agriculture.

A. W. Jobbins-Pomeroy left for England on October 28. From London he will

proceed to his post in Southern Nigeria ia a short time.

Mr. W. W. Yothers, Bureau of Entomology, reports some very satisfactory demon-

stration orchard results in the control by sprays of the white fly and rust mite.

T. C. Barber, of the Experiment Station at Tucuman, Argentina, who has been in

New Orleans for some weeks, is about to return to his post.

The work of Mr. J. R. Horton, Bureau of Entomology, in the New Orleans citrus

district, principally with the Argentine ant, is developing control results of much
promise.

Dr. Burton N. Gates, assistant professor of beekeeping at Amherst, Mass., is

president of the National Beekeepers' Association, which meets February 16-18 at

Denver, Colo.

Mr. C. H. Hadley, Jr., assistant entomologist at the New Hampshire College and

Station, has resigned to accept a research position at Cornell University beginning

January 1, 1915.

F. C. Bishopp, Bureau of Entomology, made an extended trip to the Dakotas and

other states in connection with reports of heavy loss arising from insects which at-

tack horses and cattle.

According to Science the following entomologists connected with the British Mu-
seum are serving at the front in the European war: Captain E. E. Austen (Diptera);

Lieutenant N. D. Riley (Lepidoptera), and private K. G. Blair (Coleoptera).

R, W. Moreland and G. A. Runner, Bureau of Entomology, have been detailed

to examine cotton fields in the vicinity of miUs which have recently received foreign

cottons, to determine whether the pink boll worm has become established.

C. L. Metcalf, for the past two years assistant entomologist in the State Depart-

ment of Agriculture, Raleigh, North CaroUna, resigned October first to accept the

position of assistant professor of zoology and entomology at Ohio State University.

Mr. A. B. Duckett, scientific assistant, Bureau of Entomology, is engaged in a

preliminary investigation of the so-called "Argentine corn weevil" in New York
City and vicinity.
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Mr. F. M. Wadley, temporary field assistant, Bureau of Entomology, during the

summer, has returned to his duties as student at the State Agricultural College,

Manhattan, Kansas.

Mr. H. M. Russell, Bm-eau of Entomology, has been granted indefinite leave of

absence and expects to engage in farming in the vicinity of Phoenix, Ariz., where

he was formerly stationed as entomological assistant.

Dr. Jas. A. Nelson, Bureau of Entomology, has completed his work on the devel-

opment of the honeybee in the egg, on which investigation he has been engaged for

some time. The paper will be pubHshed outside the Bureau.

Mr. Clarence R. Cleveland, a graduate of the University of Wisconsin, class

of 1912, and assistant at Wisconsin Agricultural Experiment Station, has been

appointed assistant in economic entomology at the Agricultural Experiment Station,

Durham, N. H., in place of C. H. Hadley, Jr., resigned.

]Mr. J. W. Bailey, Bureau of Entomology, who has been engaged for a large part

of the season in investigations of the onion thrips and other insects in southern Texas,

has returned to the Mississippi Agricultural College to resume his studies.

Mr. Thomas H. Jones has resigned his position at Rio Piedras, Porto Rico, and

is stationed now at Baton Rouge, La., for the study of insects injurious to truck

crops and stored products in Louisiana, in cooperation with Mr. E. S. Tucker, State

Entomologist.

Mr. H. B. Scammell, of the Bureau of Entomolog}', will spend the winter at his

headquarters, Pemberton, N. J., where he will make observations in connection with

investigations of cranberry insects, giving special attention to questions connected

with flooding of cranberry bogs, hibernation of cranberry insects, etc.

AV. D. Pierce, Bureau of Entomology, investigated the dispersion of the boll

weevil in the eastern part of the cotton belt early in October, and later began work-

ing along the same line west of the Mississippi River. The work in the east is being

conducted by F. L. McDonough.

Mr. E. W. Rust, a graduate of Stanford University and for a period an assistant

of Mr. Townsend's in Peru, has joined the inspection service of the Federal Horti-

cultural Board, and will assist Mr. Sasscer and Mr. Sanford, the latter with the

Bureau of Entomology, in this work.

H. A. Morgan, Dean of Agriculture in the LTniversity of Tennessee, made a trip

to Louisiana during October at the request of the Bureau of Entomology. He visited

the laboratories of Mound, Tallulah, and New Orleans. W. D. Hunter accompanied

Professor Morgan on this trip and also visited the laboratories at Dallas and Vic-

toria, Tex.

Professor E. Dwight Sanderson, Director of the Station and Dean of the CoUege

of Agriculture, West Vu'ginia University, Morgantown, W. Va., has resigned to

take effect September 1, 1915. Professor Sanderson was formerly entomologist of

the New Hampshire Station. It is stated that he will take up graduate studies, in

some subject other than entomology, in one of the large universities.

Mr. R. S. Woglum, Bureau of Entomology, presented at the recent Fruit Growers

Convention at Los Angeles a very interesting paper on fruit injui-y during fumiga-

tion, showing that such injury is due principally to the hydrocyanic-acid gas enter-

ing through abrasion or accidental injury to the fruit rather than to the emanations

of sulphuric acid.
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IMr. J. D. Xeuls, Bureau of Entomology, will conclude his life-history studies of

date scale insects at Mecca by the end of this year and will then resume his former

detail as an assistant in the citrus fruit laboratorj^ at Pasadena with Mr. Woglum.

This laboratory is the one formerly located at Whittier.

The work on the control of the house fly which has been under way in Washington

during the season T\-ill be continued at New Orleans for several weeks. E. R.

Barber will conduct the experiments at New Orleans. Mr. Hutchinson will com-

plete the work at Washington and inaugurate an extended series of experiments to

determine certain points about the hibernation of the fly.

The Bureau of Entomology has estabhshed a field station at West Springfield,

Mass., about two miles from the center of Springfield and near the Connecticut line

where investigations on cereal and forage crop insects will be conducted for New
England. ^Ir. Harrison E. Smith has been placed in charge, and the buildings are

now being erected and will be occupied by the Bureau in February.

The biological investigations in California of the grape Phylloxera, by the Bureau

of Entomology, have now been pretty well completed, and Mr. W. M. Davidson

will spend the winter in Washuigton, and will be engaged in the preparation of his

report and necessary illustrations. The field work with remedial measures against

the Phylloxera will be continued under the direction of Mr. R. L. Nougaret.

Mr. R. A. Cushman, Bureau of Entomology, who is engaged in an investigation

of Hymenopterous parasites of the grape berry moth and other deciduous fruit in-

sects at North East, Pa., is just now on a trip of investigation through Ohio, Indi-

ana, Michigan, and will later visit the New England States to determine the distri-

bution and seriousness of the apple seed Chalcis.

Mr. Wm. B. Parker, formerly entomological assistant engaged in investigations

of insects injurious to sugar beets, hops and stored products, has severed his connec-

tion with the Bureau of Entomology and is now engaged as agricultural adviser of

the University of California, with headquarters at Ventura, Cal. Mr. Roy E. Camp-
bell assumes the position made vacant by Mr. Parker at the Sacramento station.

A greenhouse 16 feet 8 inches by 33 feet 10 inches has been built in the yard of the

insectary of the Bureau of Entomology, to be used for experiments with greenhouse

insects, including their control by means of fumigants and other remedies, and is

expected to afford much greater opportunity for testing of insecticides against the

more difficult pests to control.

During October a report on the occurrence of the pink boll worm of cotton at Madi-

son, Fla., was received by the Bm^eau of Entomology. Immediate steps were taken

by several offices in the department to eradicate the pest, but it was found on investi-

gation by W. D. Pierce that the insect was Batrachedra rileyi, which occurred in

unusual numbers in bolls affected by the anthracnose disease.

T. E. Holloway, Bureau of Entomology, reports some striking results from the

experiments, to determine the effects of the burning of sugar-cane trash during the

fall, on the sugar-cane borer and its parasites. The infestation by the borer was found

to be much fighter where the trash was not burned. Presumably this is due to the

fact that the burning of the trash destroys large numbers of parasites.

The outbreak of Alabama argillacea during the past season seems to have been the

most severe for many years. In parts of Arkansas and Mississippi all of the green
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portions of the cotton plants were destroyed in October. Ordinarily this outbreak

would have attracted more attention. The pecuHar conditions surrounding the cot-

ton crop of the present year, however, were such that the insects' injury was not

generally considered important.

The studies of the codling moth in Maine, carried out by the Bureau of Entomology
during the past two years, under the direction of Messrs. E. H. Siegler and F. L.

Simanton, have been completed and a report, giving the results of the work, will be

prepared the present winter. It is planned to continue the laboratory in Maine, and

to give special attention to investigations of the apple bud-moth and apple maggot.

Mr. E. R. Sasscer recentl}^ made a trip of inspection for the Federal Horticultural

Board, including all the ports of entry along the Mexican border of the United States, *

in relation to the Mexican fruit-fly quarantine and also visited the special experi-

ment stations under tropical and sub-tropical insects at Mecca and Pasadena, con-

cluding his trip with an inspection of the Department's introduction garden at Chico,

Cal., and after his return several introduction gardens in Florida.

The Annual Public Address of the Entomological Society of America was given

Wednesday evening, December 30, by Dr. S. A. Forbes, State Entomologist of Illi-

nois. His subject was ''Ecological Foimdations of AppHed Entomology." The
meeting was held in the lecture haU of the Academy of Natural Sciences. Following

the address of Dr. Forbes a history of the Entomological Society of America was
given by Dr. Henry Skinner of Philadelphia. Dr. Skinner also showed lantern shdes

of some of the early entomologists of America. The exercises were followed by a

smoker given to aU visiting entomologists by the entomologists of Philadelphia.

As a result of an examination held on April 14, for scientific assistant, and on June

3, for gypsy-moth assistants, the following 20 men were appointed in the Bureau of

Entomology. Messrs. D. W. Jones, H. A. Preston, J. V. Schaffner, Jr., and W. B.

Turner as scientific assistants; W. A. Collins, I. L. Bailey, C, W. Minott, H. W.
Vinton, D. G. Murphy, E. A. Proctor, A. M. Wilcox, L. E. Gibson, K. W. Browm.

H. R. Gooch, A. W. Young, W. A. Shinkwin, H. I. Winchester, H. E. Partridge, C.

B. Russell and D. D. Landers as g3T3sy-moth assistants.

Mr. A. J. Ackerman, Bm^eau of Entomology, engaged in nursery insect investiga-

tions. West Chester, Pa., wiU make observations on fumigation methods as practiced

in nurseries, paying especial attention to the construction of the fumigatoriimi,

dosage and other questions of practical importance. Mr. Ackerman spent the late

summer and fall at West Chester, Pa., in a careful study of the cause of stop-back

of peach. His observations indicate that this is largely due to attack by the tar-

nished plant bug, and that the peach bud-mite Tarsonemus waitei, is perhaps but

httle, if at aU, concerned.

On October 23, 1914, the Secretary of Agi'iculture declared a quarantine on all

shipments of stone and quarry products from the g3^sy-moth infested area in New
England to uninfested territory. Material of this sort cannot be accepted by trans-

portation companies imless it has been inspected and certified to be free from the

gypsy moth. The work is being carried on in connection -^dth the quarantine divi-

sion of the gypsy-moth work by Mr. D. M. Rogers of Boston, Mass. This quarantine

should eifectively prevent the distribution of this dangerous insect on shipments of

stone and quarry products, and it is an important step in the campaign which is being

carried on to prevent its spread.
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The apparatus used by the Bureau of Entomology in the investigation of bees

in winter at the University of Pennsylvania, Philadelphia, during the past two win-

ters has been moved and is now installed in the laboratory at Drummond, Md.
A small room has been fitted up as a ''bee cellar" in the basement, in which the temper-

ature changes will be slow, the room being completely surrounded by planer shavings

one foot thick. The wiring for the temperature readings is now being installed,

thermo-couples being used for this purpose. The special scales for taking hourly

weighings of a colony of bees during winter have been installed in a room on the first

floor of the laboratory and arranged to weigh a colony in the basement.

D. L. Van Dine, of the Bureau of Entomology, has returned to Washington from

his field station at Mound, La. During the season he made a careful study of the

relation of malaria to agriculture. In this work detailed information was obtained

regarding the incidence of malaria and the time loss in each of seventy-four families,

A study was also made of mosquito density in the various classes of habitations and

the breeding places in the immediate vicinity of the houses were determined. An
experiment was performed on a considerable scale in removing the cans, bottles and

other receptacles in the vicinity of the houses, and filling disused wells and old cis-

terns to determine the effect of such measures on mosquito density. Mr. Van Dine

presented a paper on his work on malarial mosquitoes at the meeting of the Southern

Medical Association at Richmond, Va., on November 9.

At the Boston Domestic Science and Pure Food Exposition held at Mechanics

Building, Boston, Mass., during the month of October, a large Government ex-

hibit was installed, showing the different activities of the United States Department
of Agriculture. In connection with this exhibit a special display was prepared by the

gypsy moth branch of the Bureau of Entomology. This included maps showing the

infested district which is under quarantine on account of the gypsy moth and the

brown-tail moth, and the areas where parasites have been colonized and recovered

were also illustrated. Several trays containing five parasites breeding on gypsy

moth eggs and a display of live Calosoma beetles were also included. Posters, and

post cards, illustrating the gypsy moth and the brown-tail moth, together with some
of their imported natural enemies, were distributed. A large number of visitors

manifested a great deal of interest in the exhibit. Mr. R. Wooldridge, who is sta-

tioned at the Gypsy Moth Laboratory, Melrose Highlands, Mass., was in charge

of the gypsy moth exhibit.

The Entomological Society of America elected the following persons as honorary

fellows at its Philadelphia meeting: John Henry Comstock, Charles J. S. Bethune,

Charles Henry Fernald, and Eugene Amandus Schwarz. The following were elected

as fellows: Nathan Banks, J. Chester Bradley, W. E. Britton, C. T. Brues, H. T.

Fernald, Glenn W. Herrick, J. S. Hine, O. A. Johannsen, A. L. Melander, A. P. Morse,

P. J. Parrott, Edith M. Patch, A. L. Quaintance, J. A. G. Rehn, W. A. Riley, Annie
Trumbull Slosson, E. M. Walker, H. F. Wickham, and E. B. WiUiamson. Dr. E. S.

Van Dyke was elected as a local secretary to plan and look after the summer meet-
ing of the society to be held in San Francisco in 1915. The executive committee
recommended the preparation of a serial pubKcation to be issued under the name of

the Thomas Say Foundation, which will include catalogues of North American in-

sects and monographs and memoirs of the same. A preUminary editorial committee
consisting of J. M. Aldrich, Nathan Banks, Morgan Hebard, A. D. MacGillivray,

and E. P. Van Duzee was appointed to look after the foundation of this serial. The
society added one hundred and nine new members to its membership list.
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A state meeting of the entomological workers in Ohio Institutions was held in the

Botany and Zoology Building of Ohio State University, Columbus, Ohio, January 15.

The business consisted of effecting a temporary organization and the question of

permanent organization was discussed^ The following papers were presented: Re-

view of Entomological Work in Ohio, by Herbert Osborn; General Reports from

Heads of Departments, Organizations; H. A. Gossard, Experiment Station; N. E.

Shaw, Division of Orchard and Nursery Inspection; H. Osborn, Department of Zo-

ology and Entomology. Ten-Minute Reports by Individual Investigators. (1)

Experiment Station. J. S. Houser—Coccidse of Ohio; R. D. Whitmarsh

—

Nezara

hilaris and related species; W. H. Goodwin—-Grapeberry Worm Control; J. L. King

—

Peach Borers; D. C. Mote—Ox Warble Fly. (2) Division of Nursery Inspection.

E. J. Hoddy—Result of Tests of Insecticides and Fungicides; W. H. Evans—Inspec-

tion of Imported Nursery Stock; H. J. Speaker—Gypsy Moth Outbreak in Ohio;

E. R. King—Apiary Inspection and Bee Diseases. (3) Department of Zoology and

Entomology, Ohio State University. Jas. S. Hine—Apiculture Work, Diptera of

Ohio; Wm. M. Barrows—Spiders of Ohio; C. L. Metcalf—Insects Related to Health;

W. J. Kostir—The Catalogue of Ohio Orthoptera; C. J. Drake—^Hemiptera-Heter-

optera of Ohio. The meeting closed with a discussion of the projects to be con-

tinued and inaugurated during the coming year.

Scurfy Scale on Norway Maple (Leucaspis japonica Ckll.) Last fall we received

from the Frost & Bartlett Company, Stamford, Conn., twigs and leaves of Norway
maple and also privet showing a somewhat severe infestation by the above-named

insect. It was reported as having caused considerable injury. The scale has

much the shape of that of Lepidosaphes ulmi Linn., except that it is somewhat
broader. It is a small species, being only 1.5 to 2 mm. long and a dull grayish

white—pure white when the scale is first secreted. The twig submitted for exami-

naton was thickly infested, while small numbers of the scale insects had established

themselves at the base of the principal leaf veins, with scattering individual sranged

along the veins to the middle of the leaf. The absence of the tricarinate male scales

characteristic of Chionaspis, serves at once to distinguish the common scurfy scale

from this much rarer form.

The literature relating to this species is very scanty. It was described in 1897 by

Professor Cockerell from specimens taken on broom, shipped from Japan, by Mr. Alex.

Craw the preceding year, and subsequently it was found by Mr. Craw on Magnolia

souliana and maples, species not indicated, from the same country. There are

specimens in the New York State collection on orange, received from Mr. I. Kuwana,

Japan, which, while closely allied, do not appear to be identical with the form taken

on Norway maple.

E. P. Felt.

Mailed February 20, 1915
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Peesidext H. T. Fernald: We will now listen to a paper by W.
W. Yothers.

SPRAYING SCHEME FOR THE CONTROL OF INSECT PESTS
ON CITRUS TREES IN FLORIDA

By W. W. Yothers, Bureau of Entomology, Orlando, Florida

Of the total damage caused by insects to citrus in Florida more than

95 per cent may be attributed to six species. The most destructive is

the citrus white fly (Aleijrodes citri R. & H.) which now infests nearly

all the groves in the state. The second most destructive pest is the

l^urple scale {Lejndosaphes heckii Xewm.) which is found in greater or

less numbers on every citrus tree in the state. According to my ob-

servations the rust mite {EriopJujes oleivorus Ashm.) ranks third. The
Florida red scale {Chrysomphalus aonidum L.), the cloudy-winged
white fly {Aleyrodes nuhifera Berger) and the red spider (Tetranychus

sexmacidatus Riley) are also of primary importance. It has been the

object for several years to perfect a spra^dng schem^e which would
largely eliminate the damage caused by these pests. There are also

several pests of secondary' importance such as the woolly white fly

{Aleyrodes howardi Q.) and the purple mite {Tetranychus mijtilaspidis

RilejOi which this spraying scheme will also partially or completely

control.

As a general proposition the time to spray for the control of all

pests on citrus trees is when the}- are present in such numbers that,
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if left to reproduce without artificial hindrance they would soon be-

come injurious. In other words, the pests should be killed before they

do much damage to either the tree or fruit. The pests should always

be kept in such a state of subjection as to do little or no damage. In

case the various pests to citrus trees are permitted to become so abun-

dant as to cause damage, the profits which might be derived from arti-

ficial treatment, such as spraying with an insecticide, are, to a certain

extent, lost. The life history and habits of nearly all pests on citrus

trees are, fortunately, such that good and satisfactory results can be

obtained any time the spray is applied. While such is the case there

are times when it is opportune to spray. These periods come when the

largest percentage of the insects is in the youngest stage, which Is the

one most easily killed.

The following spraying scheme has been used quite extensively for

three summers and has generally given satisfactory results. It must

be admitted, however, that no hard and fast scheme can be given, and

the number of sprayings depends to a large extent on the thoroughness

of the work.

I. Paraffin-Oil Emulsions; Government formula 1-50 or 1 per

cent of oil—May. The main object of spraying at this time is to kill

the white fly, scale insects, and to a large extent rust mites, although

this treatment must not be relied upon to control the last. This spray-

ing should be given after the adults of the first brood of white flies

have disappeared and before the appearance of those of the second

brood. The fruit should be an inch or more in diameter when the

spraying is done. This treatment should be given before the beginning

of the rainy season, so that the beneficial fungi will take care of those

insects which are not killed by the spray.

II. Lime-Sulphur Solution, 32° Baume, 1-50 to 1-75—June to July.

The main object of this treatment is to kill rust mites and the oppor-

tune time for its application varies with the appearance of the maxi-

mum number of the rust mites. It should be applied before the mites

get very abundant and before any russeting appears. It will also kill

some scales and white flies, but is of little value for that purpose.

III. Paraffin-Oil Emulsions; Government formula 1-50 or 1

per cent of oil—August 25 to October 31. This is the second spraying

for the white fly and scale insects. The object of spraying at this time

is to kill all the white fly larvae which are the progeny of the third and

last brood. It is this brood which causes nearly all the damage from

the white flies, and the earlier they are killed the better it is for the

tree. This spraying also comes after all the beneficial fungi have done

their work. This will also remove the sooty mold from the trees and
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sufficiently from the fruit to permit the sun to color it up. Soda-sul-

phur 1-50 may be added to this spraying and this will increase its ef-

fectiveness in killing rust mites.

IV. Lime-Sulphur Solution, 32° Baume, 1-50 to 1-75—November

or December. The object of this spraying is to kill rust mites and it

may or may not be necessary, depending on the abundance of the

mites.

It may be necessary to spray for rust mites before No. 1 is given.

In case the red spider becomes abundant enough to be injurious, a

spraying with lime-sulphur solution should be given. It may also be

necessary to spray three times with the oil sprays, in which case this

treatment can be given in midsummer or in winter. If the red scale

is very abundant, two sprayings with the oil emulsions should be given

at intervals of about a month.

The paraffin-oil emulsion may be made according to directions given

in Circular No. 168, Bureau of Entomology. In addition to the above

there are two miscible oils on the market in Florida which are highly

satisfactory. The soda-sulphur solution is made according to the

standard formula, 30 pounds sulphur, 20 pounds caustic soda, 20

gallons of water. This tests about 16° Baume and may be used 1-40

instead of lime-sulphur solution but it is not so effective in control-

ling rust mites. It has the advantage of the lime-sulphur solution in

that it will mix with the oil emulsions. To follow the above scheme it

will cost from 20 cents to 35 cents a year per tree. It costs one grower

20 cents for trees of about five-box capacity or 4 cents per box. An-
other did the work for 32 cents for eight-box trees or 4 cents per box.

It cost several other growers 3, 3, 6, 7, and 8 cents per box respectively.

A maximum figure would be 8 cents per box.

Even though this scheme is not strictly adhered to it will result in

raising the grade of the fruit. The second grade will become first, the

third will be largely eliminated, and the culls will almost disappear.

The increase of production due to the increase in size of the fruit re-

sulting from the elimination of the rust mite will be from 12^ to 25

per cent, amounting approximately to two million boxes. The devital-

izing of the trees by the insects would be eliminated and the trees

would then expend their vitality to produce fruit instead of nourishing

insects. This would also increase the quantity and quality of the fruit

and make a crop more certain from year to year, which would be crop

insurance. It is a conservative estimate that the total benefits which

would be derived, if this scheme was followed throughout the state,

would be not far from an increase of production of a minimum of 25

per cent over that which is the result at the present time with a total de-
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pendence on the beneficial parasitic fungi. The appearance of the fruit

on the marl^et would be vastlj^ improved. The total dependence of the
Florida citrus grower on natural enemies for the control of the pests on
citrus trees is a delusion.

Pebruarjr 2, 1915.

President H. T. Fernald: The next paper on the program will

be read by P. J, Parrott.

AN ANALYSIS OF SPRAYING METHODS AGAINST THE
CODLING MOTH
By P. J. Parrott

One who has at heart the permanent prosperity, extension and
normal development of fruit-growing in New York can hardly fail

to be impressed with two facts: (1) The increased planting of apple

trees, so that the care of orchards frequently over-shadows all other

farm operations, resulting in an unbalanced state of farming; and

(2) the growing necessity of more frequent and thorough applications of

spraying mixtures. In addition to scab, scale and codling moth,

it is now the lot of many orchardists to have to contend against fruit-

puncturing capsids and leaf and fruit-infesting aphides; and spraying

for these has become a regular part of the routine prescribed by the

latest and most approved spraying schedule. The cost for spray

materials is also increasing. Formerly lime-sulphur and arsenate

of lead sufficed for the principal ills that the apple is heir to, but now
the grower must needs use lime-sulphur and lead, plus other sub-

stances; and according to present usage nicotine is the most popular

third constituent in the combination of spraying materials.

Individually and collectively the growers of New York are con-

fronted with what may prove to be a great economic problem. In

addition to the necessity of maintaining a high state of culture at

increasing expense, they are apparently facing a period of diminishing

returns. As a result more serious thought than ever before is being

given to a study of methods of producing maximum yields of high-

grade fruit at minimum cost. A partial solution of the dilemma is

to improve spraying practices, at least as to the character, if not

number, of the treatments. In spite of present methods, injurious

insects are responsible for great reductions in financial returns. More-

over, in addition to direct losses, failure to maintain a high level of

spraying practices may have the effect of neutralizing, if not actually

destroying any benefit by other standard operations, as pruning,

thinning, cultivation, etc., so essential today for the upkeep and
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profitable production of the orchard. The objection to such a prop-

osition by the average orchardist at first thought is, I fancy, that of

cost; it being urged that most growers are already putting more into

this operation than can be afforded, and one which, in addition to

other objectionable features, calls for a cash outlay. A study of

orchards under Station control suggests that the problem is in reality

not so much a matter of cost as a matter of time,-—^to find time to spray

the trees thoroughly at each critical period, and yet not neglect other

orchard operations or other crops when they too demand proper

attention.

As to expensiveness of spraying, the Auchter^ orchard, now in

its fourth decade, has yielded the Station during the past decennium

a net profit per year of $120.60 per acre. On the cost sheet for a

barrel of apples are nine items of expense amounting to $1.29, which

covers the growing, harvesting .and delivery of the fruit to the rail-

road station. In order of importance as regards extent, spraying

ranks as fifth in the list, and amounts to only 7J per cent of the whole

cost involved in producing a barrel of apples for the market. This

sum is not large, and considered in the light of losses sustained, it

appears that more, money could well be expended for spraying oper-

ations. Under present conditions this would necessitate more spray-

ing rigs and additional crews of men, with the attendant difficulty of

finding profitable employment for both horses and men when their

presence was not needed in the orchard. These considerations

suggested the wisdom of purchasing and testing out a high-pressure

outfit as one possible means of developing economy and raising the

efficiency of spraying practices in New York. It was thought that

with an outfit of large capacity and power not only could more acres

of orchard be sprayed within a given time, but that with a great vol-

ume of spray under high pressure, more effective work could be done

against such pests as fruit-puncturing capsids, pear thrips, apple

aphides and perhaps the codling moth.

Because of unfamiliarity as regards the essentials for such an out-

fit we sought the advice of Dr. A. L. Melancler and, in accordance with

his specifications, we purchased a spraying machine which is capable

of maintaining a pressure of 300 pounds or more and discharging a

flow of spraying mixture as high as fifteen gallons per minute, with a

set of four Clipper" nozzles. The hose was in two lengths of fifty

feet, furnished with extra long couplings and equipped with eight-foot

brass-cored extension-rods. The outfit, when carrying a load of two
hundred gallons of spray, had a weight of about 3600 to 3800 pounds,

which is less than that of some machines we have used in the past.

1 Geneva BuUetin .376, 1914.
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Of the various experimental activities conducted also under the

immediate supervision of one entirely familiar with the western

methods of high-pressure spraying, two projects are at this time of

special interest: (1) Penetration of spraying mixtures to lower calyx

cavity of apples by high and low pressures, using respectively Bor-

deaux and Vermorel nozzles, and (2) Comparative effectiveness of

high and low pressures with the foregoing two types of nozzles against

the codling moth.

Peneteation of Lower Calyx Cavity

In the experiments* against the codling moth it was obvious at the

outset, that notwithstanding what system was being followed, only

a very small percentage of the young apples showed penetration to the

lower calyx cavity by the liquid. In order to get further data on this

point it was decided to stain the spraying mixture, which was accom-

plished by using ten packages of Diamond Dye, Crimson" to about

ten or fifteen gallons of the liquid. The dye was added during the

course of the regular spraying operations, as demanded by the tests in a

Baldwin orchard, but as soon as the colored spray was being discharged

at the nozzles the operators were urged to take special ^ains to do

thorough work, shooting as it were the spraying mixture into the

throat of every blossom. Immediate examinations substantiated

previous observations, but in order that closer inspections could be

made, whole clusters of apples were removed from the trees and

examined in the laboratory under a lens, where the condition of each

fruit with respect to the penetration of the liquid was noted. The
data, as finally classified, is contained in the following table:

Table I. Showing Penetration by Bordeaux and Vermorel Nozzles

Conditions of Caltx Cavity

Vermorel Nozzles Bordeaux Nozzles

No. Per cent No. Per cent

135 62

0 0

9 6.6 5 8.1

Apples with traces of stained pollen in lower cavity 32 23.7 12 19.4

Apples with considerable stained pollen in lower cavity 21 15.6 13 21.0

82 60.7 37 59.7

Comparative Effectiveness of High and Low Pressure Spraying

Against the Codling Moth

In view of the foregoing figures it is now of interest to note the

results of spraying in this orchard with respect to the protection

of the crop by the two methods of spraying. Arsenate of lead was
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used in amounts varying from one to three pounds to fifty gallons

of water. The strength of lime-sulphur was one gallon of concentrate

testing 32-34° B. to fort}^ gallons of water. Applications were made
with pressures of 300 pounds or more with Bordeaux nozzles and

about 200 pounds wdth Vermorel nozzles.

Table II. Showing Results from High and Low Pressure Spraying

Conditions Sound Apples

End Wormy Side Wormy
Total No.

of Apples

Per cent

Wormy
No. Per cent No. Per cent

Vermorel 3 lbs. to 50 7603 60 0.72 645 7.76 8308 8.48

Vermorel 3 lbs. to 50 6192 45 0.67 515 7.63 6752 8.30

7532 22 0.28 406 5.10 7960 5.38

3376 6 0.17 229 6.34 3611 6.51

6427 71 1.02 439 6.33 6937 7.35

Bordeaux 1 lb. to 50 5079 40 0.73 340 6.23 5459 6.96

5417 53 0.89 464 7.82 5934 8.71

5286 111 1.92 384 6.64 5781 8.56

Bordeaux 2 lbs. to 50 7361 20 0.26 330 4.28 7711 4.54

7710 53 0.66 307 3.80 8070 4.46

Vermorel L. S. & Lead 1-50 ...... 5880 103 1.56 601 9.13 6584 10.69

Bordeaux L. S. & Lead 1-50 8331 123 1.34 693 7.58 9147 8.92

Check 5968 318 4.45 866 12.11 7152 16.56

Check 5280 234 3.56 1055 16.06 6569 19.62

The data as presented are based only on preliminary experiments

which were conducted during the past season under the efficient

direction of a w^estern expert in order to familiarize our entomological

staff with the methods of high-pressure spraying; and there is no
necessity for anticipating conclusions. However, it is apparent that

the results, while of interest to professional workers, have a practical

bearing. To follow the advice that ''the spray be directed from above

and be driven squarely against each blossom'^ in a typical apple

orchard in western New York composed of trees that are high and of

great expansion, would raise a lot of new problems, involving largely

the surmounting of practical difficulties that would not prove easy to

conquer; in fact, if the season's experience is a criterion, would stir

up more hares than one would care to run down. On the other hand,

if penetration of the lower calyx cavity is not really necessary under

our conditions, then the needs of the orchardist can be met with a

broad sweeping spray. From this standpoint a high-pressure out-

fit would still possess merits—rapidity of discharge and carrying power

of the spray, affording possibilities for economy of time and a wide

field for the development of higher standards of spraying than now
generally prevail.
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Mr. C. T. Brues; I am very much interested in this paper, for,

as you know, somewhat similar w^ork with high-pressure sprajdng

has been done in the West by various entomologists. I must admit

I am not quite familiar with the percentages of sound fruit which are

generally obtained in the most successful work in the West. If Mr.

Parrott can tell us what the percentages are I would like to know.

Mr. p. J. Parrott: By means of high-pressure spraying they have

been able to grow apples in the West that run 95 to 97 per cent free

from injury by codling moth. On the other hand, it is reported that

by the use of Vermorel nozzles great losses to the crops are sustained.

Evidently eastern and western entomologists, as far as control of the

codling moth is concerned, are working under different conditions.

Mr. C. T. Brues: Dr. Melander is also of this opinion. I saw
him for a few hours after his return from the experiments in New York,

and I judged from what he said that the sprays failed to penetrate, at

least to the extent that normally occurs in the West. Is it not possible

that there is difference in the position of the floral parts?

Mr. p. J. Parrott: I believe that is the pith of the matter.

Mr. E. p. Felt: I would like to ask at w^hat time in the devel-

opment of the blossom was the spraying done—after the stamens

were dry or were they still green?

Mr. P. J. Parrott: The petals had dropped and the stamens were

commencing to shrivel.

Mr. E. G. Titus: How near did you get to the blossoms and did

you actually drive the spray in?

Mr. p. J. Parrott: In the case of the apples, which were exam-

ined to determine the extent of the penetration of the colored spray,

the nozzles were held quite close to the fruit during spraying opera-

tions. These showed no penetration, but it should be stated that in

the course of the various experiments the spraying mixture was some-

times found in the lower colyx cavity. Certain it is that, under the

conditions in which we were working, it was not an easy thing to force

the spray through the different structures in the calyx cup of the

Baldwin apple.

Mr. a. L. Quaintance: For the last two or three years the Bu-

reau has been making a comparative study of the calyx cup in eastern

and western apples and it shows that the western apple has a much
more open arrangement of the stamen bars than the eastern apples,

and this explains the situation. The position of the western entomolo-

gist and the position of the eastern entomologist are accounted for

by the difference in the arrangement of the stamens.

Mr. p. J. Parrott: In the October number of the American Nat-

uralist there is an article by Mr. W. J. Young which clearly explains
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the variatioiis in apples due to differences in environment. I hope

later to add more to this phase of the question.

]\Ir. W. M. Scott: There is another question that Mr. Parrott's

paper raises and that is the question of pressure. I think that we
have been somewhat extreme on that point. The spray pump people

have vied with each other to put out machines that would give the

highest pressure and deliver a large quantity of material per minute.

The result has been, according to my observation, injury to fruit and

foliage by an excess of spraying material in the first place, and in the

second place (and I think not an unimportant point either) by actual

mechanical injury from driving spray under high pressure.

I have been knocking around over the country quite extensively

in the last couple of years, looking into just such matters, and I fre-

quently find apple crops injured by arsenate of lead and lime-sulphur

solution. Upon making inquiiy I find that most of that injury is

found in orchards where high-pressure machines have been used.

Professor Quaintance and I, a few years ago, conducted a cooperative

experiment in the use of lime-sulphur solution and arsenate of lead

in spraying apples under high pressure. I think we had 300, possibly

350, pounds pressure and on the trees that we sprayed under that

pressure, the foliage was badly injured and the fruit badly burned—
to the extent perhaps of 50 per cent loss of the crop. Whereas the

adjacent trees sprayed with the ordinary outfit, using the mist type

of nozzle, did not show the injury—or at least not very much of it.

I think that is a point we ought to bear in mind in recommending
applications with high pressure machines.

Mr. E. G. Titus: In Utah it appears that 125 pounds is suffi-

cient so far as pressure is concerned. The ordinary barrel pump will

give sufficient pressure with the ordinary driving spray and will give

better results than a 300-pound pressure outfit. It has been done
many times. So far as penetration is concerned, we can penetrate

with this pressure in a very high percentage of cases. In some recent

experiments against the fruit-tree leaf roller, in which the question

of the codling moth came in, I had no trouble at all with an ordi-

nary barrel pump in getting less than one-tenth of one per cent calyx

wormy, and less than five per cent side worms in the orchard, and I

am certain that we did not get a hundred-pounds pressure. On
another orchard we used a power pump, but didn't attempt to get

over 150 pounds at any time—I do not think it is necessary. The
very high pressures not only injure the apples, but they actually

blow some blossoms right off the limbs.

Mr. Watkins: Perhaps you would like to know the pohcy of the-

University of Uhnois. For five years we have been recommending
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pressure at 125 pounds and nothing higher. This past year we have

estimated that we had 1800 per cent moth, that is, 18 worms for every

unspraj^ed apple.

In our 1914 pressure experiments similar to Mr. Parrott's, we found

that a pressure of 125 pounds controlled the moth more efficiently

than 250 pounds. We also found that nozzles which produced a mist

spray were preferable to the Bordeaux nozzle.

Hence I believe in usiog and continuing to use things which we
know to be effective in our own orchard. The trouble I find in our

experiment station work is that growers are in the habit of taking

up with any new hobby that comes along. Because Professor Melan-

der in the State of Washington is successful in controlling the codling

moth by using high pressure, it is no sign that we can have equal suc-

cess with the same methods here. We can probably get good results

regardless of the number of poisoned particles which lodge in the calyx

cup.

Mr. a. L. Quaintance: I take the libertj^ to speak again to en-

dorse the remarks made in regard to pump pressure in spraying. A
good deal of evidence is accumulating which indicates that very

thorough work may be done in the control of the codling moth by a

much lower pressure than is currently believed. I would not be

surprised that we shall find that from 125 to 150 pounds pressure,

wdth good thorough spraying, will answer, as well as 200 or 250

pounds pressure. Coarse nozzles, of the Bordeaux type, at least

under eastern conditions, do not seem to give superior results in the

protection of fruit than Vermorel or Eddj^ Chamber nozzles, and the

latter, as is well known, are much more economical of the spray

liquid.

Mr. E. N. Cory: Have you had an^^ experience with the airtight

sprayers run at 175 pounds pressure on the principle of the atomizer?

Mr. Watkins: The airtight spraj^ers have changed this year so

that it is impossible to justifj^ any recommendations. Last year they

were run by a two-cycle engine and no agitator; this year they have a

four-cycle engine and an agitator. The University of Illinois spraying

specialist is pretty strong for an agitator, and we did not get one there

last year for the simple reason that it did not have an agitator. This

year, since it is made with an agitator and the four-cycle engine, it is

our intention to test it. I know of several machines that were

turned back to the company last year.

President H. T. Fernald: The next paper on the program T\dll

be given by Mr. Shelford.
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SUGGESTIONS AS TO THE ORIGINAL HABITAT AND DIS-
TRIBUTION OF VARIOUS NATIVE INSECT PESTS

By V. E. Shelford, University of Illinois

I. Introduction.—Before Eastern North America was put under

agricultural conditions it was densely covered with forest west to the

Illinois and ^Mississippi Riv^ers, and with conifers to the north, Fig. 10.

Along the western border of the forest was a belt of prairie or savanna

which consisted of groves of forest, stream skirting forest, interspersed

vriih. moist grassland. To the west of this were the arid plains along

the rivers of which was moist area vegetation. Considering the for-

ested portion of this we cannot too much emphasize the fact that it

was continuous forest entirely different from the present open aspect.

The forest was broken in the eastern portion by rivers and marshes

and sand dunes of the lakes and coast, which formed an insignificant

portion of the entire area. In addition to this there were small

'islands" of moist prairie scattered eastward north of the Ohio River

as far as central Ohio.

Scarcely any of the pests of forage or garden crops are forest animals,

and only a few orchard and small fruit pests are strictly so. When we
consider that these pests have made their way in Eastern North

America at least, on to planted crops where ever and as fast as these

have been put out, we must explain their presence either by assuming a

rapid migration with the development of agriculture and the clearing

of the land, or we must assume that these animals were present

through-out the forest area before agriculture was introduced.

While som.e species have migrated beyond doubt, others have in all

probability notd one so.

II. The Original Habitat of Native Pests.—A close study of the

habitat preference of various insects appears to throw much light upon

the original habitat of a great many native pests. Taking first the

insects which frequent garden and forage crops and which are widely

distributed, an inquiry into their habitat shows that they fall into two

classes, (a) those frequenting low moist situations, and (6) those pre-

ferring higher and drier ground. An examination of the fragments of

primeval vegetation likely to support such insects shows that the mois-

ter situation frequenting species are found along the margins of ponds,

(PI. 7, fig. 1), lakes, rivers and even on the vegetation growing in the

water, and on marsh meadows or grassy areas covered by water in

spring but dry in summer.

Taking Sanderson's recent work on insect pests and Forbes' report

on the insects of the Indian corn plant and comparing them with lists
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Figure 10—Showing the distribution of vegetation in North America before it was
put under agricuhural conditions. The shaded "prairie" area may be regarded as

the original center of abundance of agricultural pest species.

of species taken by the writer on the margins of ponds and lakes such

as are shown in Plate 7, figure 1, we find that one third of the phyto-

phaga listed are mentioned by one or both of these authors. A com-

parison of lists of species taken from the margins of sandy depressions

such as occur about the lakes and larger rivers andwe find again roughly

one-third of the species mentioned by one or both of these authors.
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In the forest area lakes and ponds formed by glaciation and the

^'oxbows" by rivers often filled with vegetable detritus and become

covered over T^dth a low wet meadow, a part of which may be under

water in spring. Such situations were originally common throughout

the eastern portion of the United States, particularly where glaciation

has taken place, but are by no means wanting in other localities.

These moist m^eadows nearly always were surrounded by forest and

the boundaries between them were forest edges. A forest edge is a

thicket made up of rank weeds on the side nearest the meadow; inside

of these are various shrubs arranged in belts and increasing in height

as we go toward the forest. Considering the marsh meadows and

associated forest edges we find on comparing lists of species collected

from these situations with the works inentioned above, that more

than one-half of the phj'tophagus species are mentioned as impor-

tant.

Turning to the species which frequent the higher and drier ground

and which are found under the same conditions as crop pests, we find

that the steep lake (PL 7, fig. 2) and river bluffs, the bare rocks expos-

ures upon which trees do not grow, support numbers of them. The
bare steep bluffs are the haunts of the dry bare ground frequenting

forn:s like Dissosteira Carolina and the vegetation supports aphids,

locustids, and beetles of great economic importance.

The forest encroaches upon these situations as a shrub thicket sim-

ilar to the moist forest edge. These shrubby thickets are made up of

hawthorn, wild plum, with occasional cherr}^, gooseberry, cottonwood,

willow, etc. These are the headquarters of the pests of small fruits,

apples, etc., and preeminently the headquarters of the orchard birds.

These shrubby thickets of the river banks, etc., are duplicated on the

flood plain itself where hawthorn, grape, currant grow either in open

scattered formation or in dense thickets. These thickets support the

majority of our native pests of the fruit-bearing trees and shrubs.

III. The Original Distribution of Native Pests.—Considering

the distribution of the marsh and moist vegetation inhabiting species,

we find that on the whole it is exceptionally wide, and similar to the

distribution of the marshes themselves, and within wide range of cli-

matic conditions represented by the greater part of the United States

and Southern Canada (except the arid southwest) and a northward

extension in the plains and prairie region of western Canada (Fig. 10).

Some of the species common in the swamps of New England may be

found on the prairies at Edmonton and the grassy marshes of the lower

Mississippi and along the irrigation ditches of the Rio Grande in New
Mexico.

The species occupying the higher drier bare ground, and scattered
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vegetation growing upon it were not distributed essentially differ-

ently from the above, but' were near to water in the more arid climates.

The native pests of our fruit-bearing shrubs and trees were originally

less widely distributed than the others because the thickets which sup-

ported them were less widely distributed, being confined m.ore generally

to the deciduous forest area (Fig. 10) and the savanna or moist

prairie area.

IV. Center of Abundance of Native Pest Species.—We cannot

too strongly emphasize the unbroken character of the original forest of

the area shown as forested in the map (Fig. 10). Accordingly the pest

species referred to above were crowded into the cracks of the forest and

scattered along the river margins of the great plains. The area shown

as prairie in figure 10 is made up of moist grass land, river skirting

forest with groves away from the rivers making the forest edge or

thicket of hawthorn and plum a very important habitat in this region.

With the extensive moist grass land areas mixed with this, the space

available for pest species was great. We may consider the original

center of distribution and abundance of native pests as lying" within

the area of prairie" or savanna shown in figure 10.

V. The Expansion of Local Range of Pest Species under
Agricultural Conditions.—With the clearing of the land and the

putting out of crops in the forest area, the habitats of the pests in the

cracks and corners in the forest was expanded to cover the agricultural

lands as far as they were cleared. With the building of roads the road-

side ditch, roadside thicket and the road itself made a complex support-

ing all of the various types we have mentioned (Fig. 3). Thus the

local species of primeval conditions took on a general distribution

under agricultural conditions.

Explanation of Plate 7

1. A pond margin; a type of situation of very wide distribution in North America—

•

one-third of the phytophagus insects taken here are mentioned by Forbes and Sander-

son.

2. Dry clay bluff supporting such forms as Dissosteira Carolina and the vegetation

of which supports the Xiphidiums, aphids^ and plant bugs common on crops grown on

high dry ground.

3. A roadside habitat combining most of those mentioned in the paper as normal

to primeval conditions.

President H. T. Fernald: The next paper on the program will

be by Mr. E. G. Titus. He will speak on " A Clean Town Contest.

"
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A CLEAN TOWN CONTEST
By E. G. Titus, Logan, Utah

This movement has been carried on to some extent in other states

and has been supported by mayors, officials, boards of health, and so

on, but we intended it to be a state contest. A year ago we started

work upon this Utah contest and on the first of June, 1914, we had

fifty-six towns entering the contest. These were divided according

to population, Salt Lake and Ogden being of course the largest. In

the next class, 3,500 to 9,000 towns, three out of the four in the state

entered. The next class 2,500 to 3,500, seven towns entered out of

eleven in the state; in the next class, 1,500 to 2,500, ten towns out of

sixteen entered; Class ''E, " 750 to 1,500, eleven out of twenty-eight

entered; and in Class 'T, towns under 750, there were fifteen out

of thirty- eight that could have entered the contest. We had a fairly

representative number of towns in the state entered. A number of

prizes were offered by the L'tah Development League. In a number

of towns that went through the competition there were also side prizes

for better lawns, best appearing lots, best flower gardens, best equipped

places in the business section of the town, etc.

The following are the final scores of the towns entered and scored:

Class ''A": Cities of 25,000 and over.

Ogden 73

Salt Lake 70

Class "B": Towns of 3,500 to 9,000 population.

Brigham 70.6

Provo 64 .

6

Murray 46 .

5

Class "C": Towns of 2,500 to 3,500 population.

Lehi 71.7

Spanish Fork 62 .

5

Springville ' 61.8

Richfield 59

Park City 59

American Fork 55 .

5

Nephi 41

Class "D": Towns of 1,500 to 2,500 population.

Manti 82 .

5

St. George 70.5

Beaver 70

Smithfield 69.3

Cedar City 65.0

Richmond 52

Pleasant Grove ^ . , 51

Ephraim , 43

Bountiful 40

Payson 35.1
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Class "E": To-^tls of 750 to 1,500 population.

Farmington 67.5

Fairview 67

Parowan 62

Kaj^sville 59

Panguitch 57

Sandy. 54.4

Coalville 52

Fillmore 50

Providence 48 .

3

Salina : 43

]\Iorgan 42

C^LASS "'F": Towns under 750 population.

Hui-ricane 78

]\Iapleton - : . 66 .

8

MillviUe 56 .

1

Levan 54

Salem 54.6

Ma3^eld 52

West Bountiful 52

Minersville 52

Washington 48

Randolph 48

Tremonton 45 .

3

Scipio 45

Alpine 50 .

5

Garland 29.3.

Kamas 39

The following notice gives the system of scoring:

INSPECTION
Inspection of the tov^ms will begin August 17th and continue until aU entering the

contest have been inspected and scored. No information wiU be given as to date

when inspection will be made. AU towns must be ready for insiDection.

Towns Will be Scored ox the Followln'g Points

Basis 100
Pomts

1—Sewage: Disposal of—privies, cesspools, etc 15

2—Stables and corrals, disposal of manure, etc 15

3—Garbage, collection and disposal 10

4—Water supply 10

5—Sanitation of school houses and other pubhc buildings 5

6—Sanitary marketing of foods 5

7—Presence of flies 5

8—Sanitation of the home, cleanliness of the home, ventilation, etc.
.' 5

9—Condition of streets, parks and aUe5^s

.

10

10—General appearance of homes, barns, barnyards 5

11—La^^Tis and flower gardens 5

12—Vacant lots 5

13—Fences 5

Total Too
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The State Board of Health had charge of the inspection of the towns

and the whole competition was carried out in a most friendl}^ spirit.

Its developments were remarkable, if only purelj^ in advertising for

the state, and this is incidentally one good means of adA^ertising.

Mr. C. Gordox Hewitt: We are all aware of the great importance

of movements of this kind, and I believe every one of the members here

has listened with much pleasure to Professor Titus' account. One of

the things that has particularly impressed me, as shown by that

small diagram of a section of a town, is the enormous amount of work

which has been involved in making a survey of this kind. If Professor

Titus' paper has shown us nothing else, it has demonstrated that the

entomologist is something more than a man who goes around recom-

mending ^^how to squirt trees"—but a man who is becoming more and

more intimately concerned with the life of the people. We heard last

year in our meeting at Atlanta a paper by Professor Hinds in connec-

tion with boll weevil work in the south, how the entomologist was

becoming more and more concerned with the life of the people and

with their economic conditions w^hich are not entirely ^'entomological.

"

I think this paper by Professor Titus shows the entomologist to be

something more than a person who simply destroys insects, and that

he is becoming more and more vitalty concerned with economic studies

and with the movement for improved conditions of life for people

generally.

Mr. R. a. Cooley: I would like to ask the amount of expense

involved in conducting this campaign?

Mr. E. G. Titus: From the standpoint of the town I am unable

to state, not ha\dng the figures. We are attempting to gather them
and hope to have them tabulated some time this winter, ^n case of

the Utah Development League, the chief expense possibly was the

clerical help and the printing of circular letters of the type I have sent

around for examination; for a circular of this kind (indicating), another

one of this kind (indicating), and all shoT\dng the Clean Town policy

and scheme. And the monej'- expense was defraj^ed from the expenses

of the Utah Development League as part of the advertising campaign.

The largest expense was judging the towns. I have not the judges'

expense accounts, but I can figure on judging thirteen of the towns, in

classes ''B" and ''C," and I think the judging occupied from two to

four days to a town. In class C, " most of the towns could be judged

in from one and a half to two days, and in class ''B" three days. It

would not average over twenty-five dollars a town except for class ''A.

"

Of course for the larger towns it cost more and in the smaller town it

2
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dropped down perhaps to four or five dollars. Then there were

some more inaccessible. For instance, there was one town one hundred
and fift}^ miles from a railroad, took two ds.ys on a stage, and then a

day and a half to get to the town with a rig after that, away back in

the mountains. There were several towns located in this way and
the judging expense of course was high. Some of the towns offered

to defray part of the expense in order to be sure that the judge came
down and visited them. Perhaps the little town of Manti cost the

most to the town since the town offered a large number of prizes and
they went into it rather hea^dh'. The interest was so strong that when
the judging was postponed for several days, they received word by
telephone, and they had a man out in an automobile the next morning

with a megaphone announcing that they had three more days to

clean up" and "to get busy." And they did get busy.

So far as the expense is concerned, it is really small, I believe, com-

pared with the benefit the town received from it. Even real estate

men were interested and some told me that the increase in the value

of real estate was worth many times the cost it had been to the town

or state.

A ,Member: The expense then was borne by the Development

League?

Mr. E. G. Titus: Yes, and also the State Board of Health, and

others, and then we brought in one man from outside to judge Salt

Lake and Ogden. There was considerable rivalry- between the two

cities—they are close together.

A Member: I want to express mj' appreciation and heart}' approval

of this line of work. I know something about such work and judge

that it must have taken an enormous amount of energj' and labor to

carry this contest to a conclusion.

Mr. E. G. Titus: Larvacides were used to a very slight extent;

the main thing was to get manure out of the way. In some of the

towns we did try out borax and other things. We had some manme
containers or large vats built in the state; we built one at the college

and I believe there have recenth' been others built at different times.

They suit us pretty well.

]\Ir. F. C. Bishopp: I am sure Dr. Titus is to be congratulated on

the admirable waj^ in which this campaign was conducted. I was

much pleased with the results secured in the small towns. From the

little we have been doing in the south, we have seen that that is going

to be the big problem—large cities will take care of it better. I was

very much pleased indeed to -see how the small towns showed up in

this contest. I wanted also to mention a point that he briefly brought

out, that is, the need of caring for breeding-places in the winter time.
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In the course of the Texas work the importance of getting rid of the

breeding-places in the winter time seems to me to be very great. We
have found that by a thorough cleaning-up in the winter we could do

very much more than we could by continuing the work during the

summer only.

Mr. E. p. Felt: How about disposal of manure containing over-

wintering pupae?

Mr. E. G. Titus: ^Manure has been carried some distance from the

town and we have fairly good assurance that the flies will not come

back in the spring. We found some that would go through the winter

in the pupal state and these appear to be destroyed when the manure

is properly scattered. Where possible the manure is taken out and

scattered in fields and we found we could accomplish fairly complete

destruction. In other cases, the manure was piled in ricks in the field.

Mr. E. p. Felt: Does that hold true ia the north where they are

frozen up?

Mr. E. G. Titls: I couldn't say, but I think that hy breaking

up the manure and scattering it over the ground you will destroy many
of the puparia. We found them hibernating in piles against barns

and other protected places, and by cleaning those out you can greatly

aid the matter.

]\Ir. E. N. Cory: I would like to have your opinion of the distance

that flies ^^11 travel.

]Mr. E. G. Titus : We marked somewhere between seven thousand

and eight thousand flies the last few years and then hunted for them
afterward. We found a few of them but I found no flies at any time

a half a mile away from the place where they were liberated.

In Salt Lake City, Utah, there was complaint that flies were coming

from the city dumping-ground. You remember our Salt Lake blocks

are large and four of them would make a pretty good-sized distance to

walk. In the country we found the same thing, where we took them
out into the farm region and liberated them in the pastures, and under

those conditions we never found any that would reach beyond half a

mile. Now perhaps our conditions are different; the dry air may
have something to do vrith it, and I would like to hear if anyone has

done anything on that line. It is quite essential on our end of the

work on the fly.

Mr. T. J. Headlee: Mr. C. H. Richardson of our department car-

ried on som.e flight experiments during the past season. Flies marked
in various waj's were liberated at a distance of 1,715 feet from the pig

barn on the college farm at New Brunswick. About three thousand

individuals were liberated at a tim.e in one place and in most of the

trials from ten to fifteen marked flies were recovered in the traps at

the pig barn.
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Mr. C. Gordon Hewitt: As Professor Titus has raised the ques-

tion of the flight of the house-fly, I should hke to give my own expe-

rience in the matter; as important results were pubRshed in a report

by the British Local Government Board, on the carriage of infection

by flies. Two or three years ago I had some experiments carried out

in the city of Ottawa to study the flight of flies under city conditions.

Flies were bred out and then marked T\4th rosalic acid. They were

liberated at a given point in a fairly well-inhabited region, throughout

which Tanglefoot papers were distributed in the houses. These Tan-

glefoot papers were collected from day to day. Out of the 13,500

flies that were liberated, 172 marked flies were recovered at varjdng

distances from the point of liberation, the farthestr being 700 j^ards.

In a further report of the British Local Government Board, experiments

carried out by Copeman, Howlett and Merriman in Norfolk, England,

demonstrated that under rural conditions flies travel from three hun-

dred to seventeen hundred yards from the refuse in which they are

bred; their flight dej^ending largely on the prevailing winds. Experi-

ments are recorded by Nuttall, Merriman and Hindle who carried on

experiments under urban conditions in Cambridge, England, which

bear out on the whole the limited range of flight of flies under city

conditions. I think those interested would do well to consult these

reports, which I think could be easily obtained.

President H. T. Fernald: The next paper will be read by Glenn

W. Herrick.

ADDITIONAL DATA CONCERNING THE CONTROL OF THE
FRUIT-TREE LEAF-ROLLER IN NEW YORK

By Glenn W. Herrick

During the past three years the fruit-tree leaf-roller, Archips

argyrospila, has been exceedingl}^ abundant in parts of New York

State and has caused serious losses to fruit-growers. In the spring

of 1912 an extensive series of experiments in an orchard in Genesee

County was conducted in an attempt to control the leaf-roller by

destroying the larvse with poison and contact sprays. In all, over

seventeen combinations of materials were tried on different groups of

trees in the orchard. Most of the applications were made before the

cluster of flower buds had separated. At this time, however, a large

part of the eggs had hatched and many larvse had already worked

their way down among the cluster buds and Avere feeding on the buds

and bud stems.

The results of the whole series of experiments were really very dis-

couraging so far as prevention of injury to the fruit was concerned.
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There was so little difference between the sprayed and unsprayed por-

tions that it did not seem worth while to make a count of the fruit.

The orchard produced only about two hundred and fifty barrels of

apples out of a normal eight hundred barrels and these were mostly

in the tops of the trees and in portions of the orchard not so badly

infested. In this connection, the w^ork of one of the better and more

intelligent fruit-growers in New York is of interest.

The large orchards in question were sprayed five times and sprayed

thoroughly and intelligently. The orchards were sprayed first, in the

dormant condition, just before the buds burst, with lime-sulphur, 1

gallon to 6^^ gallons of water with 1 pint of black-leaf-40 to every 100

gallons for the aphis. The second spraying was made just before the

blossoms opened with lime-sulphur 1 to 50 and 3 pounds of arsenate

of lead. The third application was made just as the petals had fallen

and consisted of lime-sulphur 1 to 50, arsenate of lead 3 pounds and

black-leaf-40, | pint to 100 gallons. A fourth spraying was made
about 10 days to two weeks after the third with lime-sulphur 1 to 50

and 3 pounds of arsenate of lead. At about this time the owners

became much worried about the roller and sprayed a fifth time with

arsenate of lead alone, 4 pounds to 50 gallons. In spite of this extraor-

dinary amount of careful and thorough spraying, the trees and cover

crop under the trees were alive with larvae and 40 per cent of the crop

was ruined.

Gillette and Weldon performed a series of experiments in Colorado

in 1912 in an attempt to control the leaf-roller by the use of poison

sprays.^ The first spray was applied May 5. The cluster buds had
separated but the buds had not begun to open up. At this time

''practically every blossom bud picked had from three to five larvae

feeding in it." They estimated that 75 per cent of the larvae were

killed by this and succeeding applications. Unfortunately 25 per cent,

where the larvae are multitudinous, is quite sufficient to cause disas-

trous results. The question, of course, arises as to whether the remain-

ing 25 per cent can be caught before they enter the buds or get out of

the way of the poison. Mr. J. B. Gill, in his thorough work in New
Mexico and Canon City, Colo., found that ''applications of arsenicals

alone and in combination with 40 per cent nicotine solution have

greatly reduced the amount of injury to the fruit and foliage, but these

sprays have not been so effective as desirable." On account of the

long period of egg-hatching it is almost impossible to poison the larvae

before they become safely hidden. Especially is this true in case of

late varieties of apples.

1 1912, Circular 5, Colorado Experiment Station.
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In conclusion of this brief consideration of the poison sprays it

should be said that in ever}^ case much benefit was derived from them
in protecting the foliage and enabling the trees to develop fruit buds

for the subsequent season. Nor is this to be considered of little mo-
ment or of slight importance. At the same time, fruit buds are of

little value if they are so eaten by insects that they cannot develop

into fruit.

Experiments with Miscible Oils to Destroy the Eggs

In the spring of 1913 we planned and carried out a series of experi-

ments in a badly infested orchard with the miscible oils, using Scalecide

and the Orchard brand manufactured by the Thompson Chemical

Company. In all, thirty large russet trees were included in the experi-

ment and carefully sprayed with the oils at the proportions of 1 to 15.

In addition to these trees included in the actual experiment many
more were sprayed by the owner with Scalecide at the rate of 1 gallon

to 15 gallons of water.

The oils were ai3plied April 2 and 3, of course, before the buds had

started, although they had begun to swell. Unfortunately, it rained

hard in the afternoon of April 3 and the oil applied that morning had

been on only four hours, while the oil applied the day before only

about twenty-four hours. Undoubtedly this influenced the final

results.

On May 13, I made a rather extensive and tedious count of the

eggs killed by the oil in different masses. In the experimental rows

the masses were taken mostly from the row that was sprayed in the

forenoon of the day on which it rained in the afternoon. We w^ere not

aware of this until we consulted our notes later. The results of the

count showed that a fraction over 76 per cent of the eggs had been

destroyed and did not hatch. In that part of the orchard sprayed by

the owner a more extensive count of egg masses showed that prac-

tically 79 per cent of the eggs had been killed.

The general effect of the spraying with the miscible oils was better

than we hardly dared hope. In the first place, there is no appearance

in the orchard of injury caused by the oils. We were careful to make
the applications just as near the active growing period of the trees as

possible. Moreover, the spraying was done in moderately warm
weather. The orchard bore a fair crop of fruit and the owner is much
encouraged.

Gill, in his work in Colorado with the miscible oils killed a much
higher percentage of the eggs. Gillette and Weldon in Colorado

succeeded in killing 95 per cent of the eggs. From their accounts it

appears that the trees were more thoroughly drenched than were the
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trees we spra^^ed in the Xew York orchard. If it had not been for the

fact that we feared the effect of the miscible oil sprays we should have

insisted on a more thorough drenching.

Again, in 1914, a still more extensive series of experiments based on

knowledge gained in the previous seasons was planned and carried out

in cooperation with two growers at Hilton, N. Y. J\Ir. R. W. Leiby

was placed in charge of these field experiments and to his thorough

and careful work we are greatly indebted for our results.

Briefly, three brands of miscible oils were used in a preliminary way
on small areas in which the results could be accuratel}^ checked by
careful counts of eggs, hatched and unhatched. In cage experiments

carried out indoors Target brand killed 94.7 per cent of the eggs while

Scalecide killed 96.2 per cent. In the check, 95.75 per cent of the

eggs hatched.

In outdoor experiments confined to a few plum trees on which the

egg masses w^ere located and marked b}^ tying strips of w^hite cloth

about the branches. Target brand at 1 to 20 killed 92.6 per cent of the

eggs, Scalecide, at 1 to 15 killed 91.2 per cent and Orchard brand 87.4

per cent. The average for the three oils was 90.4 per cent. Very

likely these egg masses being so conspicuousky marked were more

thoroughly treated than would be the case in ordinarj^ orchard spray-

ing. The results in the main orchard would indicate this.

In the main orchard, sprayed by the owner in the ordinary waj^, yet

thoroughly, an extended count of egg masses showed that an average

of 85+ per cent of the eggs were destroyed. In general orchard

spraying it is an exceedingly difficult matter to hit all of the egg masses

or to thoroughly wet all that are touched with the mixture. It is

doubtful if the average grower will be able to kill over 85 per cent of

the eggs on large apple trees for the simple reason that some of the

masses will not be actually hit with the liquid. If, on the average,

85 per cent of the eggs can be destroyed with the miscible oils the}' will

constitute a most efficient check against serious infestations of the

leaf-roller.

We did not, however, rely on the miscible oils for the complete

control of this insect in the orchards under consideration. We planned

to supplement the oils with arsenate of lead and on May 7, the next

day after the eggs began to hatch, the orchards were sprayed with the

poison at the rate of 3 pounds to 50 gallons of water. The buds had

just begun to burst and two or three leaves had separated.

A second application of lead in the same proportions was made on

May 14 just before the blossom buds had separated. Finalh^ on May
26 the first codling moth spray was applied. The results were very

satisfactory and the owners feel that they can control the leaf-roller.
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Their feeling of great discouragement produced by the conditions in

1913 has changed to a hopeful and confident assurance that the prob-

lem has been solved.

In some field experiments which cannot be detailed here we were

unable to control the leaf-roller to any degree of satisfaction by omit-

ting the application of oils.

Finally, in our treatment of hundreds of apple, pear, plum, and

cherry trees not a single case of injury has been found from the effects

of the oils. In addition, many barrels of oil were applied last spring

throughout western New York and so far as we have personally exam-

ined the treated orchards or have been able to talk with the owners of

treated orchards we have not found any injury. It should be noted,

however, that the oils were applied in the spring and only after the

trees had become more or less active or very near the time of the

beginning of activity. Moreover, we were afraid of the oils and con-

stantly warned the owner in his general orchard spraying to be careful

and not drench the trees. Had the oils been applied more liberally

and had the trees been more thoroughly drenched, probably a higher

per cent of eggs would have been killed. The owner declares that

next year he is going to apply the oils at the rate of 1-12 and that he

is going to soak his trees. We have assured him that he will do so on

his own responsibility. Undoubtedly Dr. Felt has given us abundant

proof that these oils do, under certain conditions, produce an injurious

effect. Unfortunately, we do not know just what those conditions are.

To sum up then, our experiments seem to show that the leaf-roller

can be satisfactorily controlled by an application of miscible oil to

destroy the eggs, supplemented by thorough sprayings with arsenate

of lead.

Mr. E. p. Felt: I am very glad to have this data, and partic-

ularly that in relation to the miscible oils, because the results as noted

by Professor Herrick agree quite closely with what I think those oils

will do when we make careful application.

Mr. W. W. Yothers: This subject has been quite thoroughly

worked out in Florida during the past five years. The results in Flor-

ida show that,the injury which follows the use of several miscible oils

can be attributed to the chemicals which these insecticides contain

and not to the oil itself. Dr. A. W. Morrill found that Orchard brand

was very injurious to citrus trees. The present investigation experi-

mented with this insecticide extensively and found independently

that it was exceedingly injurious and that it could not be used on cit-

rus at any time of the year. The Bureau of Chemistry analyzed this
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insecticide and found that it contained 2J per cent of sulphuric acid

and I inferred that this chemical was the cause of the injury. I re-

gret to state that I found it impossible to introduce sulphuric acid in

any of the formula with which I experimented and therefore I was

not able to test any formula with and without sulphuric acid.

In regard to Scalecide, it is not so injurious to citrus fruits as Orch-

ard brand but it does so much damage to young fruits that it is inadvis-

able to use it at any time of the year. The Bureau of Chemistry found

that this insecticide contained much rosin or rosin oil. In other ex-

periments with the use of rosin and rosin oil, in every instance the same

formula made up with rosin oil caused much damage while the same

formula T\dth rosin oil omitted was absolutely harmless. I have con-

cluded that an insecticide for use on citrus trees should not contain

rosin oil.

Target brand is fairly efficient. It contains quite a large percentage

of phenol Avhich my experiments show is worthless as an insecticide

and is more or less injurious to the trees and the fruits. It is much less

injurious than either of the former articles and is used quite extensively

throughout the state.

Schnarr's Insecticide is also a proprietary article and does not con-

tain any of the above injurious chemicals and as a general proposition

it does no injury to fruit or trees. Neither does the Government
formula which contains none of these chemicals cause any damage to

the trees or fruits if used conservatively. Thousands of gallons of

these paraffin oil emulsions have been used with little or no damage.

It is my contention that if oils containing these injurious chemicals

cause injury to citrus then there is also great liability that they will

cause injury to deciduous trees. I think it would be a matter worth

while to experiment with some of the cheap paraffin oil emulsions on

deciduous trees to determine if any injury or liability to injury would

foUow their use. I suppose it is generally understood that miscible

oils can be made from cheap lubricating oils which can be found almost

everywhere and cost about fifteen cents a gallon in barrel lots.

yin. E. G. Titus: Only in the last three years have we had any

damage from this particular insect. At the present time, it has se-

riously infested some of the fruit orchards in two of our valleys.

This year I carried on some spraying experiments and my results

are not as good as I expected them to be.

The leaf-roller injures from 50 to 60 per cent; this injury was re-

duced to 24, 11 and 7 per cent, roughty speaking, but even 7 per cent

injury is too great to allow the leaf-roller and we wish to improve. If
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aiwone has been successful with miscible oils and not injured trees,

I would like to hear from them.

Mr. C. p. Gillette: I am yeiy much interested in the paper just

read; because the results seem almost identical with those we had in

Colorado, especially with the arsenical sprays. We came to the con-

clusion that it was almost useless to expect the ordinary fruit-grower

to control the leaf-roller by means of arsenical sprays. It is necessary

to make so many applications in order to keep the young leaves well

covered with poison that we seldom find the grower thorough enough to

get good results. For that reason, in the Canon City district, where the

insect had become very destructive, we insisted upon the use of the oil

sprays. We used ''Target brand" almost entirely, and got excellent

results. Where the growers failed, it was because the orchards were

not well treated with the oil.

Vice-President Glenn W. Herrick: Aren't your trees generally

smaller than ours in New York State?

Mr. C. p. Gillette: I think not. We sometimes gather 40 or

45 bushels of apples from one tree. I believe in Colorado, we have

one advantage over the east and the south in our dry climate; it is

nearly always bright and clear so that the oil evaporates quickly.

In a moist climate the danger of injury from the use of oils is probably

greater.

President H. T. Fernald: The next paper on the program will

be by E. N. Cory.

PRELIMINARY REPORT ON THE WOOLLY APHIS^

By E. N. Cory, College Park, Md.

The results herein set forth, as the title indicates, are wholly pre-

liminary. To the author they are in no sense conclusive, but the facts

seem to warrant the belief that other experiments along similar lines

may lead to a method for the control of the wooll}^ aphis.

Because the nursery injury was the most apparent, the control of

this pest was confined for a time, chiefly to nursery stock. This exper-

imentation was begun in 1908, and has been continued as time and

circumstances allowed.

This work has never been pursued thoroughlj^ and continuously to

a definite conclusion because other, apparently more important, work

has always intervened. For the most part we have been content

1 Schizoneura lanigera Hausm.
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to advise the use of the remedial measures generally recommended.

Two main lines of work have been followed, treatment of the soil with

dust applications and spraying the tops and soil about the roots. To-

bacco dust of various manufacturing companies and kerosene emul-

-sion have been the principal insecticides used. In addition, apterite

(a carbolic fertilizer), nicotine sulphate, fish oil soap and lime-sulphur

have been used. The usual mode of application in nurseries has been

to bar plow along each side of the row, apply the dust or spray and then

throw the earth back around the trees.

Thus far we have been unable to secure good results wdth any of the

.above-mentioned insecticides. Kerosene has given better results

than any other insecticide. However, as this paper is concerned chiefly

with, results achieved in orchard work, the details of our experiments

on nursery stock will be left for another time.

Treatment of Orchard Trees

As in the nursery work the control experiments on Avoolly aphis

in orchards have been in progress for several years, without determinate

results.

In the spring of 1912 work was begun in the orchard of E. W. Hun-
gerford, Marshall Hall, Md., in testing the value of various insecticides.

This orchard was selected because, first: it was badly infested with

woolly aphis and second because the soil in which it is set is a sandy

loam. As the soil in the college orchards is a clay loam, the sandy

soil conditions gave an opportunity for some comparisons.

Eleven insecticides in the form of dust or liquids were applied in

trenches dug about the base of the trees. These trenches were dug
down deep enough to expose the main roots and about six feet in

diameter. All trees treated were infested with root aphis.

Soluble oil, 1 to 15; Scalecide, 1 to 15; Electro Insecticide Soap, 1

pound to 4 gallons of water; Lemon oil, 1 to 24; Nico-Sul, 1 to 240;

lime-sulphur, 1 to 9; undiluted Pine Tar Creosote at the rate of If,

2 and 3 quarts per tree, kerosene emulsion, 10 per cent; tobacco dust,

IJ to 3 pounds per tree; One for All, J pound to 1 gallon and

Apterite 1 pound 3 ounces, 2 pounds 6 ounces and 4 pounds 12 ounces

per tree. As this was a private orchard, it was not considered ad-

visable to apply each insecticide to more than a few trees on account

of the danger of injury to the trees. It was planned to continue

the applications that held the most promise in the college orchards.

The applications were made June 24 and 25, 1912. During the night

of the 24th rain fell and intermittent^ during the 25th so that the con-

ditions were exceptionally favorable for complete penetration.

The trees were examined in the fall of 1912, without disclosing any
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apparent injury. On April 18, 1913, the soil was removed from the

base of the trees and a careful examination made for the presence of

aphids with the following results: Aphids were found abundant on

the roots of all of the treated trees except on two trees treated with

tobacco dust at the rate of three pounds per tree; on one tree treated

with tobacco dust one and one-half pounds per tree; on one tree treated

with lemon oil; on one tree treated with Scalecide and on three trees

treated with Electro Pine Tar Creosote. The probable effect of the last

three solutions on the life of the tree was a matter of speculation,

hence only a very few trees were treated. Only one tree was treated

with each dosage of creosote.

The tests of the efficiency of the Pine Tar Creosote were continued

in this orchard on other trees with ample checks. This was the only

insecticide continued because, due to the circumstances detailed

below, it was considered to hold the greatest promise. These tests will

be discussed in a later paragraph.

During the examination it was found that a small ant was caring

for the aphids quite as assiduously as they do for their 3^oung. Wher-
ever aphids were found ants were present and they were not present

in any case where the aphids had apparently been controlled.

Upon the removal of the earth from the base of the trees, an ant

would seize the nearest aphid in its mandibles and immediate^ seek

the shelter of the nearest clod or would follow the channels made in

the soil by the roots to what it evidently considered a safe place, then it

would hurry back for another aphid and repeat the process. This

relationship was found to exist in every case where aphids were present.

Specimens of the ants were collected and sent to Dr. W. M. Wheeler,

who very kindly determined them as Lasius {Acanthomyops) inter-

jectus Mayr., supplementing the determination wath the following

interesting comments:

^'This ant is a subterranean species which makes a business, like

our other species of Acanthomyops, of dealing exclusively with root

aphids and coccids. I have always supposed that these ants did con-

siderable harm, because they go into this business quite extensively

not only on the root of fruit trees, but also on the root of forest trees

and even herbaceous plants. The workers of all the species of Acantho-

myops have the curious odor which you noticed and described so

well."

The relationship was so marked that the possibility of controlling

the root form of the aphid by control of the ants in this orchard seemed

worthy of a test. In other orchards the writer had previously noticed

in searching for aphids, the peculiar odor, similiar to that of citronella,

that is always associated with L. interjectus. Work was therefore
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planned to ascertain the extent to which the ant was present as a

symbiote in other orchards, particularly those set in heavier soils than

that at Marshall Hall.

A large percentage of the trees in several of the college orchards have

been examined for the presence of the ants. With great uniformity

the trees examined showed the presence of L. interjectus accompanying

aphids. Examinations were begun April, 1913, and continued through-

out that season.

With these facts before the writer in regard to the ants and negative

results from the tests at Marshall Hall and tests applied in July, 1912,

in the college orchards, details of which will be given later, plans were

laid for more thorough tests of the Pine Tar Creosote. A row of

trees in the Marshall Hall orchard was selected and examined for

aphis and ants. Both were found in numbers on every tree. Every

alternate tree to the number of seven were treated mth one quart of

Pine Tar Creosote after the earth had been removed. Following treat-

ment, the earth was replaced. This test was applied on April 26, 1913.

Seven untreated trees were left in the row as checks. These tests

were examined December 3, 1914, and they showed very encouraging

results. The odor of the creosote was decidedly apparent even after

twenty-one months had elapsed. Aphids were present on all of the

checks except on two and no aphids were present on any of the treated

trees except in one case. Ants were not present at the above date.

This was to be expected owing to the late date of the observations. A
note made in 1912 seems to indicate a congregating habit of the hiber-

nating ants. During the early spring a cluster of L. interjectus was

discovered in the cavity of an old tree. This was prior to our observa-

tion of the association of the ants with the wooll}^ aphis, hence, no

effort was made to keep notes on the cluster of ants. However this

nest was just within the border of a wood that adjoins one of the

college orchards wherein ants and aphis have since been found in abun-

dance.

Thus far only the tests with undiluted Pine Tar Creosote have been

mentioned. No injury to the roots or trees has been observed re-

sulting from its use. The material is rather expensive—30 cents per

gallon in quantity, hence tests were made of the material in emulsion.

This was made by using two-thirds of a pound caustic soda, 90 per

cent (NaOH) for each gallon of creosote. A 6 per cent emulsion

was used in the college orchard in July, 1913. Eleven trees w^ere treated

in a small orchard consisting of trees grafted on American, Paradise

and Doucin stocks. The trees on Paradise stock were only slightly

infested with aphids, while those on the other two kinds of stocks

w^ere heavily infested. Only a few ants were present. The test was
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conducted primarily to ascertain whether the 6 per cent emulsion would

kill the greatest part of the aphids, and to determine the effect of the

insectide on the vegetative state of the tree. Ample infested checks

were retained.

Examination July, 1914, showed that while onl}^ two trees were en-

tirely free from aphis, the balance with the exception of two trees were

free from aphis where the spray influence must have been greatest,

I. e., near the crow^n. The other trees showed one or two isolated clus-

ters of aphids far out from the base of the trees.

The application was repeated two days after the above examina-

tion and in addition eight other trees in this block were similarly

treated, leaving two trees as checks.

In addition to the effect on the aphids, a most excellent effect on-

the vegetative state of the trees was apparent. New roots were-

very num^erous and the old bark was replaced by new tissue. Appar-

entty, the spray was just sufficient^ injurious to the tissues to stimu-^

late the tree to grow new^ roots and bark.

Kerosene Emulsion

Nine trees were sprayed July 6, 1912, with 4 gallons each of 10 per

cent kerosene emulsion. The earth was removed and not replaced

until July 8 owing to threatening showers, which however did not

materialize. These trees were all infested. Examination Julj^, 1913,

showed every tree badh^ injured by the kerosene. The small roots

were dead and partially decayed and the outside bark around the

crowns entirely killed.

Summary

1. Of all the insecticides used Electro Pine Tar Creosote holds the

greatest promise due to, first, its power to kill the aphids; second, its

strong repellant action and its retention of the penetrating odor after

at least twenty-one months in the soil; third, its stimulative effect on

diseased tissues, and fourth, the possibility of emulsifying it readily.

2. There is a symbiotic relationship between the aphids and Lasius

{Acantliomyo'ps) interjectus Mayr.

There appears to be a congregating habit in L. interjedus Mayr., of

which it may be possible to take advantage in controlling the ant.

Creosote is an effective repellant for this ant.

3. Paradise stocks show some degree of immunity to attack bv the

root forms of the woolly aphis.

President H. T. Fernald: The next paper on the program will,

be read by W. C. O'Kane.
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ARSENICAL RESIDUES ON FRUIT AND GRASS

By W. C. O'Kane, Durham, N. H.

{Withdrawn for publication elsewhere)

Mr. E. G. Titus: I would like to ask a question in regard to the

weak animals, as I have had occasion to examine animals mth paraly-

sis, and it has often occurred to me that arsenical poisoning might

have something to do with the muscular weakness of these animals.

It usually occurs in either the fore or hind quarters.

Mr. W. C. O'Kane: The poison is presumed to affect the nerve

centers, resulting often in paralysis of the extremities. The calves,

if they had been free, no doubt would not have eaten all the grass.

They hunted around the edge of the inclosure and tried to get fresh

grass. They would eat the sprayed grass freely at the start—ate it

promiscuousl}^ and then apparently acquired some discernment.

Mr. H. a. Gossard: I would like to inquire whether anyone has

any data showing the effect of poison on suckling animals after the

mothers have feci on sprayed grass. I recollect an instance in which

suckling pigs had died, their mother having fed in a sprayed orchard.

The party making the report to me had inquired of a chemist who
stated there was danger of the poison being transmitted through the

milk, and while little injury was likely to result to the mature hog,

the suckling pigs might be injured.

Mr. W. C. O'Kane: I do not know of any data in regard to

farm animals that is trustworthy. There are notes as to human
beings, especially in English reports of the death of l^abies that were

nursed by mothers who were receiving small amounts of arsenic.

President H. T. Fernald : The next paper will be read by Leonard

Haseman.

Mr. Leonard Haseman : This is of course not especially a Missouri

pest, but the cotton moth has attracted so much attention in Missouri

this year that I thought perhaps a few notes might be of interest to

some of the m^embers. Last fall the migration was much heavier

than previously. In the latter part of September the migration was
so heavy and the damage to fruit so great that we received a very large

number of complaints and requests for treatments. As is well known,

the cotton moth is able to break the skin of fruit, and it does this seem-

ingly by means of rudimentary jaws. On examining the mouthparts

of the cotton moth you will find that it has small rudiments of mandi-

bles.
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COTTON WORM
By L. Hase:\iax, Columbia, Mo.

For -the past three j^ears the moth of the cotton worm has migrated

northward across ]\Iissom'i. In some places it has been more abund-

ant than in otiiers and the damage which it has done to fruits has been

considerable each year. The past fall the pest was more injurious

than in form.er years. It began to attract attention early in Septem-

ber and was abundant until frost. It spread rapidly across the state

and in two weeks seemed to be generally distributed. In places it

was so abundant as to literallj^ cover ripening fruit in the orchard and

about cider presses and at night collected about lights as I have ncA^er

before seen m.oths collect. Everywhere the moth of the a.Ymy worm
was found associated vrith it.

Injury Done by AIoth.—It is a well-kno^Ti fact that this moth is

able to break the skin of ripening peaches and apples and other fruits.

There are cases on record where it has attacked bananas on the city

market, though in such cases it \eTY probabh^ selects injured bananas.

The moths have a voracious appetite and mil feed for hours without

stopping after a prolonged fast. The proboscis can be thrust into the

flesh of ripe apples and peaches without any trouble and it vrill reach

almost to the pit of an average-sized peach. As the juice is extracted

a depression appears which resembles a bruise. This injured tissue

is porous and in a short time decay sets in and the fruit is ruined.

Late peaches seem to be the moth's favorite food though it may
also attack apples, grapes, pears, tomatoes and other fruits on the

markets. In some orchards the crop of Heath Chng and other late

peaches was a com^plete loss this fall. The moths begin feeding about

sundown and often completeh^ cover the fruits which they attack.

This year they truly assumed the role of an important orchard pest.

Work of Caterpillar.—Missouri is not a cotton state though in

a few southeastern counties a great deal of cotton is raised and the

crop can be grown ^^i.th. profit even as far north as the Missouri river.

The cotton worm was very abundant and destructive to the cotton

foliage where the crop was not protected by the use of arsenicals. As

the m.oths migrated northward they oviposited on cotton where it

was to be found. At Columbia a small experimental plot of cotton

was found to be severely attacked by the fifteenth of September and

b}^ the first of October the foliage was all consumed. The moths be-

gan to lay eggs as soon as they arrived and continued to do so until

all the cotton foliage was gone, for on the fi.rst of October caterpillars

of all ages as well as pupae were present. Many immature caterpillars

migrated in all directions and faihng to find cotton died of starvation.
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Food Plants.—It is said that this caterpillar will feed only on cot-

ton. From rather extensive observations in the field and from limited

cage feeding experiments I have found this to be a fact. In the field,

grasses, nati^'e weeds, legumes, corn and other plants found around

the infested cotton patch were left strictl3^ alone by the migrating and

star\dng caterpillars. In cages, alfalfa, red clover, white clover, cot-

ton weed, morning glorj^, hollihock, dock were, except for an occa-

sional hole being eaten out, refused by the starving caterpillars.

Natural Enemies.—In this latitude the winter conditions destroy

this pest completely and during the summer two parasites assisted.

A native ichneumorLj^vas found ovipositing in the pupte and several

were bred from pup«. Some caterpillars were found with the eggs of

a Tachina fly on them, though the species was not determined. The
caterpillar is so active that it is difficult for the Tachina flies to deposit

eggs on it. The boll worm was also found to attack the cotton worm
in a few cases.

Mr. H. a. Surface: I found this moth rather abundant in peach

orchards last fall and saw considerable damage to Salway peaches.

It was not nearh^ so numerous as was the case two years ago but

considerable injur^^ resulted.

oMr. J. J. Davis: It is interesting to note that the moths seem to

lay their eggs after migrating. I would like to ask if there is any

data regarding egg-laying after the migratory period?

Mr. Leonard Haseman: We made no observations as we did

not know the pest was breeding in the vicinity until we saw the cater-

pillars. It was the first year that we had seen these caterpillars

feeding so far north.

Me. C. T. Brues: We caught quite a number of these moths

at an electric trap light at the Bussey Institution, Forest Hills, Mass.,

but it was impossible to secure eggs from them. They come quite

regularly every few years and are apparently too much exhausted

by the long flight to deposit eggs.

President H. T. Fernald: A paper will now be presented by
H. B. Scammell.

THE CRANBERRY ROOT WORM
By H. B. Scammell, Pemberton, N'. J.

{Withdrawn for publication elsewhere)

Secretary A. F. Burgess: I do not care to discuss the paper,

but would like to state for the information of some of the members
that several cranberry bogs in Massachusetts were seriously injured

3
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this year by the gipsy moth. There has been shght injury in previous

years but the damage was serious in several cases this season.

Peesident H. T. Fernald: The next paper on the program is

by W. M. Scott.

ARSENATE OF LIME OR CALCIUM ARSENATE

By W. M. vScoTT, Baltimore, Md.

The possibihty of Combining arsenic with a cheaper base than lead

to produce a safe and effective insecticide for use on fruit and shade

trees has no doubt occurred to nearly every economic entomologist.

Calcium is the cheapest material that could be used for this purpose

and calcium arsenite or arsenite of lime has been recognized as an

insecticide for a number of years, but omng to its injurious effect on

vegetation it never has and probably never ^\dll come into general use.

Arsenate of lime, however, is a more stable and less soluble compound
and should, therefore, be less caustic in its effect on fruit and foliage.

So far as the writer is aware arsenate of lime is not known in ento-

mological literature and has never been given much consideration.

I am informed by Prof. A. L. Quaintance of the United States Bureau

of Entomology, that during the past three years his office has conducted

spraying experiments with this material and that the results have

been uniformly good, although no account of the work has yet been

published. For the past two years the writer has endeavored to

determine the value of arsenate of lime as a substitute for arsenate of

lead and the results obtained at least indicate that this material is

worthy of further investigation.

Arsenate of lime may be prepared as a monocalcium, dicalcium or

tricalcium arsenate. On the dry basis tricalcium arsenate (Cas

(As204)2) contains, theoretically, 42.2 per cent lime (CaO) and 57.8 per

cent arsenic oxide (AS2O5). The material used in the writer's experi-

ments contained 46.8 per cent lime and 47.8 per cent arsenic oxide on the

dry basis, and therefore had 11 per cent more lime than would occur

in the true tricalcium arsenate. It contained less than 0.05 per cent

soluble arsenic oxide. On the basis of 50 per cent of water this mate-

rial would contain 23.9 per cent arsenic oxide, but in preparing the

paste the water content cannot well be reduced below 60 per cent

without the use of a filter press.

In the experiments recorded herein the paste was prepared to con-

tain the same percentage of arsenic oxide as is found in standard

arsenate of lead, i.e., from 15 to 16 per cent. The rate of dilution

for both materials was 2 pounds to 50 gallons of water which gave

the same arsenic content in both kinds of diluted sprays.
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During 1913, in the Rockfish Valley Orchard, at Avon, Va., 50

Winesap and Yellow Newtown apple trees were sprayed four times

with arsenate of lime follo^dng the usual schedule, and the remainder

of the orchard was sprayed ^dth arsenate of lead. With both poisons,

lime-sulphur solution was used as a fungicide in all the apphcations

except the last, in which Bordeaux mixture was used.

The trees were examined from time to time during the season and

no difference could be observed between the two kinds of poison,

either in their effect on the fruit and foliage or in the control of the

codling moth and other insects. No injury was produced and the

codling moth was controlled equally well in both cases.

During 1914 a similar experiment on a larger scale was conducted

in the same orchard. About 200 Winesap apple trees were sprayed

wdth arsenate of lime and a like number with arsenate of lead and 5

trees were left as checks. As a fungicide lime-sulphur solution was

used with the arsenicals and the trees were sprayed (1) after the blos-

som buds separated, shomng pink, (2) as soon as the petals fell, (3)

three w*eeks later and (4) about nine weeks after the petals fell (the

first week in July).

Although no actual counts were made it was estimated at picking

time that about 60 per cent of the fruit from the unsprayed trees

was infested vdih the "bodling moth. The fruit from the adjacent

trees of the sprayed plots was reasonably free from this insect and no

difference could be noted in the efficiency of the two kinds of poison.

At the opposite end of the orchard from the check trees, however,

the codling moth was not so well controlled and the superintendent

was of the opinion that the arsenate of lead had given slightly better

results than the arsenate of lime.

In a similar experiment conducted in an apple orchard near Han-
cock, Md., the powdered form of arsenate of lime was used and here

again this poison proved to be the equivalent of arsenate of lead.

During the past spraying season (1914) several apple growers co-

operated with the writer in testing this material and, as shown by
the follomng reports, uniformly good results were obtained.

Mr. Fred Johnson, a member of this association and formerly an

assistant in the United States Bureau of Entomology, used 50 pounds
of arsenate of lime in his orchard at Westfield, N. Y., and in a letter

to. the writer dated September 28, 1914, he made the following state-

ment in regard to the results:

I would say that we used this preparation (barium-sulphur crystals) together with

the arsenate of Hme on three rows of Baldwin trees in one of our orchards at the

strength you recommended. AU the rest of the orchard was sprayed with home-
prepared hme-sulphur and arsenate of lead. This season the whole orchard is as

entirely free from scab and codling moth as I could wish, so you may judge that the
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results are well nigh perfect. I made several close examinations of the trees sprayed

with the dry material and the arsenate of lime and from these observations could see

no difference in results from adjacent trees sprayed with the standard formula.

Mr. W. F. D. Batjer, secretary of the Northwest Arkansas Fruit

Growers Association, used 50 pounds in his orchard at Rogers, Ark.,

and under date of November 5, he made the following favorable

report on the results:

I used this material on a block of Bens and Ganos in connection with lime-sulphur

for the cluster bud, calyx and ten-day spray; on the rest of my orchard I used arsenate

of lead in both dry and paste form. The entire crop was remarkably free from cur-

culio and codling moth injury, the arsenate of Hme block showing up fully as well

as the balance in this respect. One thing that appealed to me iu using the arsenate

of lime was the fact that it did not change the color of the lime-sulphur- solution,

leaving it a clear bright yellow, and in my opinion the fruit and fohage iu this block

liad a much better and brighter appearance throughout the season than did that

in the balance of the orchard.

Mr. T. W. Ayers, formerly an assistant in the United States Bureau

of Plant Industry, used 50 pounds of this poison in an apple orchard

at Fort Payne, Ala., during the past season and he has reported that

no difference between this material and arsenate of lead could be noted

in the control of the codling moth or in their effect on the fruit and

foliage.

Through the cooperation of several park commissions and public

tree sprayers we were able to have arsenate of lime tested in New
England for the control of shade tree insects, and 2,000 pounds were

distributed for this purpose. So far as could be learned from reports

received the arsenate of lime had the same killing effect on the gipsy

moth and brown-tail moth as the arsenate of lead, and there was no

injury to foliage reported. In one report it is stated that oak trees

were sprayed with this poison for the control of brown-tail moth
and that the killing effect was ^'very good" comparing '^favorably''

with arsenate of lead. Another report shows that it was used on

white oak, red oak and chestnut with results about equal to arsenate

of lead" and with '^no injury to the foliage.

"

On July 1, 1914, the writer had an opportunity to see the results

of one of these experiments on the grounds of the Metropolitan

Park Commission near Boston, Mass. A clump of small poplar trees

infested with the gipsy moth had been sprayed with arsenate of lime

and the ground was well covered with dead caterpillars. There were

a few live caterpillars still feeding on the sprayed leaves but no larger

per cent than was found on adjacent trees sprayed with arsenate of

lead.

At Hancock, Md., during the past season the writer used arsenate
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of lime on peach trees as a foliage test and found that at a dilution of

1| pounds (16 per cent arsenic oxide) to 50 gallons of water it almost

defoliated the trees. Arsenate of lead used on the same variety caused

very little injury, although this arsenical has been known to seriously

injure peach foliage under certain weather conditions. It is evident

from this test that arsenate of lime is more likely to injure susceptible

foliage than arsenate of lead.

It appears from the results of these various experiments that for

spraying apple and shade trees arsenate of lime may be used with

the same degree of efficiency and safety as arsenate of lead. The

chief advantage it has is in the matter of cost, being cheaper than arse-

nate of lead. It mixes with lime-sulphur solution without causing

any chemical reaction which fact might be considered as another

advantage, neither material being decomposed by the combination.

Unless some unsuspected objection to this new insecticide develops,

it would seem a waste of money to continue the use of the more expen-

sive poison.

AIe. Glenn W. Herrick: I would like to ask how much this

poison can be sold for?

Mr. W. AI. Scott: I cannot answer that question definitely

except that there ought to be about the same difference in the cost

of arsenate of lime and arsenate of lead as there is in the cost of the

lead and the lime used in their preparation, although I have no figures

on the cost of manufacture. It is perhaps needless to remark that

this paper is not given for advertising purposes because arsenate of

lime can be made by anyone; in fact the fruit-grower can make it in

his orchard.

Secretary A. F. Burgess: Last spring we secured a barrel or

two of arsenate of lime and several areas were treated by Mr. Worth-

ley's men. 1 would like to ask him to make a statement in regard to

the amount of poison used and the general results of the spraying.

AIr. L. H. Worthley: We used about two hundred pounds of

poison at the rate of 10 pounds to 100 gallons of water. The results

from the standpoint of destroying caterpillars was as good as when
arsenate of lead was used, but considerable burning resulted to some
of the trees, especially cherry, apple, oak, maple; although almost

every species treated showed some burning.

AIr. a. L. Quaintance: Mr. Siegler of the Bureau of Entomology
has been working with arsenate of lime, especially as to its home
preparation, and I shall be glad if he will state briefly some of the

results.

AIr. E. H. Siegler: We have been using arsenate of lime in various
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forms, beginning in 1912, for the control of the codling moth and other

deciduous fruit insects. During the season of 1914, a commercial

arsenate of calcium (paste) containing 18 per cent arsenic oxide

(AS2O5) was tested against the codling moth in our experimental

apple orchard, Benton Harbor, Mich. This was used at the rate

of 2 pounds to 50 gallons of lime-sulphur solution in comparison with

arsenate of lead paste, used at the same rate, combined with lime-

sulphur solution. Three spray applications were made: (1) When
the petals dropped. (2) Three to four weeks later. (3) Nine weeks

after falling of the petals for the control of the second brood.

The arsenate of lime plat included 10 trees, the fruit from 5 of which

was examined as it dropped during the season and again at harvest

time. The arsenate of lead plat contained 12 trees—6 examined.

The unsprayed plat consisted of 8 trees, the fruit from each tree being

examined. Each plat produced approximately forty barrels of fruit

at harvest, which was inspected for codling moth injury. The arse-

nate of calcium and arsenate of lead plats gave over 98 per cent of

fruit free from the codling moth, while the unsprayed plat yielded

about 59 per cent of fruit free from this injury. The foliage of the

arsenate of lime plat compared favorably with that of arsenate of lead

throughout the season.

We have prepared arsenate of lime by adding sodium arsenate to

slaking lime. This arsenical may be prepared from other chemicals,

such as a combination of arsenic acid and lime. According to our

figures, a good arsenate of lime paste may be made at a cost of two

to three cents per pound, exclusive of labor. We have recently pur-

chased fused sodium arsenate (65% AS2O5) at 8J cents per pound

and stone lime at 75 cents per barrel. From these materials we have

made arsenate of lime paste, containing over 20 per cent arsenic oxide,

at a cost not to exceed 3 cents per pound. The biproduct, sodium

hydroxide, if not removed, may injure delicate foliage. Most of the

sodium hydroxide, however, may be readily decanted.

Arsenate of lime was made in the same operation of slaking the

lime for Bordeaux mixture for use in an experimental vineyard. No
foliage injury resulted.

Arsenate of lime has not been tested sufficiently to warrant an

unqualified recommendation. This arsenical may have certain hmi-

tations, but it is apparently a promising and cheap insecticide.

Me. W. C. O'Kane: I would like to ask Mr. Scott whether he has

any determination showing the soluble arsenic in the material. You
state that there is sometimes burning of foliage and sometimes not.

If the free arsenic is a variable quantity, it seems to me that the

material offers some risks in its effect on the plants sprayed.



AprH, '15] SAFRO: NICOTINE SULPHATE-BORDEAUX 199

Mr. W. M. Scott: The material used in my experiments ran from

a trace of soluble arsenic up to one-half of one per cent. It was uni-

formly lower in soluble arsenic than arsenate of lead.

President H. T. Fernald: The last paper on the program will

be read by Mr. H. A. Surface.

FRAUDS, SEMI-FRAUDS AND QUESTIONABLES

By H. A, SuEFACE, Harrishurg , Pa.

(Withdraivn for 'publication elsewhere)

President H. T. Fernald : If there is no discussion, we will now
adjourn.

Adjournment. 6.00 p. m.

Afternoon Session, Wednesday, December 30, 1914; 2.00 p. m.

President H. T. Fernald: The first paper on the program will

be read by V. 1. Safro.

THE NICOTINE SULPHATE-BORDEAUX COMBINATION

By V. I. Safro, Louisville, Kentucky

A considerable item of expense in spraying operations is the cost of

application. Growers will frequently hesitate to spray, not on ac-

count of the cost of the material, but because of the necessity of an

additional application. ''Fewer applications/' is the demand of the

grower today in his spraying practice. In choosing one of several

materials for spraying, the answer to the question, " Can it be used in

combination with other sprays?" will often determine the cheapest

spray, and not the cost of the material per gallon. A spray may cost

more per gallon but be cheaper in that it does not require a separate

application.

In attempting to ascertain the status, last spring, of the advisa-

bility of combining Nicotine Sulphate with
,
Bordeaux, we found that

there was no consensus of opinion in the matter; in most cases, in

fact, the attitude was taken that the combination should not be used

on account of possible injury to foliage. This attitude was conserva-

tive and proper in that new combinations should not be recommended
as long as reasonable doubts exist as to their effectiveness.
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The Problem.—Three questions arose regarding the possible re-

sults of combining Nicotine Sulphate with Bordeaux Mixture.

1. Is free copper sulphate released as a result of the combination?

2. Does the nicotine sulphate decompose in such a combination?

3. Is the nicotine in the combination precipitated?

The first question would indicate the bearing of the combination

on the production of leaf injury.

The second and third questions would, perhaps, indicate the modi-

fication in the insecticidal properties of the nicotine in the combination.

Copper Sulphate Not Released.—The 4-4-50 formula was used

in making up the Bordeaux for the experiments. The chemical expe-

riments were duplicated with commercial Bordeaux paste with results

similar to the results recorded below with home-made Bordeaux. A
commiercial preparation of Nicotine Sulphate, containing 40 per cent

nicotine, v/as used at dilutions of 1 to 800 and 1 to 1000.

Bordeaux injury on the fruit or foliage is caused by free copper sul-

phate. In our experiments we used the potassium ferro-cyanide test

for free copper sulphate in the Bordeaux before and after the com-

bination with Nicotine Sulphate. The tests were made immediately

after combining the two, and one, two and three daj^s later. In none

of these cases was free copper sulphate present. To ascertain whether

the indicator retained its properties in the combination, some free

copper sulphate was added and its presence immediately shown by
the dark reaction with the potassium ferro-cyanide.

No Leaf Injury.—Field tests on a small scale were carried on in

which Bordeaux 4-4-50, used alone and in combination with Nicotine

Sulphate, 1 to 800, were sprayed upon foliage. These tests were con-

ducted on August 16. It is true that foliage-spraying tests carried on

so late in the season would not be conclusive in that the same degree

of resistance to spray injury does not hold throughout the growing

season. However, the plants sprayed included some with tender

foliage, and the results may be taken as supplementary to the lab-

oratory findings and the records of other workers. The foliage of the

following plants was sprayed: Apple, pear, peach, sweet cherry, sour

cherry, black walnut, rose, bean, tomato.

The foliage was examined at intervals of several days—the last

examination being m,ade on September 4—almost three weeks after

the first application.

Another set of foliage on the same species of plants was similarly

sprayed on August 22. In neither case did leaf injury result.

During the period the daily maximum temperature ranged from

75° to 94° and the minimum from 61° to 76°. For four days following

the first application there was no rain and for two days following the
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second. On nine days the precipitation ranged from .02 to 1.33 inches.

In other words, the variations in weather were sufficient for leaf injury

to become e^ddent T\dthin the three weeks during which the plants

were under investigation.

Nicotine Sulphate Not Decomposed. ^— Two hours after mak-

ing up the Nicotine Sulphate-Bordeaux combination it was analyzed

for nicotine. The chemical record follows

:

"The percentage of nicotine, by calculation, in the Nicotine Sulphate-Bordeaux

mixture should be 409/10,000 of 1%. (19.255 grams of Nicotine Sulphate—41%
nicotine by gravimetric analj'sis, containing 7.8945 grams of nicotine, were added to

19255 grams of Bordeaux mixture. This gives a calculated percentage of 409/ 10,000

ofirj.
'^The nicotine was distilled from a weighed quantity of Nicotine Sulphate-Bordeaux

mixture with steam after the addition of Caustic Soda. The Nicotine in the distillate

obtained was determined by the regular Gravimetric Method.

"The actual analysis gives the nicotine content to be 413/10,000 of 1%."

All the nicotine, apparently, was recovered from the combination.

Nicotine Not Precipitated.—The chemical record follows:

"A portion of the Nicotine Sulphate-Bordeaux mixture was removed, filtered and
washed with distilled water. The filtrate was tested for nicotine, and washing con-

tinued until no more nicotine passed through the filter.

"(50 c.c. of original Nicotine Sulphate-Bordeaux was used; the wash water amount-
ing to about 400 c.c, used in portions of 40 c.c. each.)

"The filter paper with its copper precipitate was introduced into a distilling flask,

caustic soda added, and steam distillation conducted as in regular nicotine distilla-

tions.

"The distillate was tested for nicotine with Silicotungstic Acid and not the slightest

precipitate was obtained.

"(Silicotungstic Acid will show a precipitate with nicotine in a dilution of one in

300,000.)"

Injury Following the Combination Explained.—Instances have

been reported in which foliage injury followed the use of the combina-

tion, and these cases of injury were often the bases of recommenda-
tions to appl}^ the two sprays separately.

The cases of injury apparently belong to the same category as the

injur}^ sometimes following the combination of Nicotine Sulphate with

lime sulphur or with arsenate of lead or arsenite of zinc. The latter

combinations are widely recommended; still, occasional reports of

injury are heard. These cases are perhaps explained, as far as the

combination itself is concerned, when we consider that under certain

conditions lime sulphur, arsenate of lead and arsenite of zinc will cause

injury even when used alone. As is well known, the same holds true

of Bordeaux mixture. In none of the cases of reported injury have we

^ The nicotine determinations in these experiments were made by Mr. H. K.
McConnell, Assistant Chemist of The Kentucky Tobacco Product Co.



202 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 8

been able to find that Bordeaux alone had been used at the same time

and under the same conditions. In other words, though Nicotine

Sulphate may be used in combination with Bordeaux, it will probably

not prevent any injury that the Bordeaux would cause if used alone.

This fact, however, need not affect the recommendations for com-

bining the two sprays.

Successful Use of the Combination by Others.—-Though the.

general attitude was conservative and the combination not generally

recommended, records of its successful use were beginning to accu-

mulate.

A few of the following records were published, but most of them
were obtained through correspondence in answer to letters of inquiry.

(This is not intended as a complete list but includes merely instances

that have come to our attention.)

Professor Watkins, University of Illinois, has used the combination

for five years with excellent results.^

W. B. Parker, Bureau of Entomology, used the combination for the

hop flea beetle in 1909. No leaf injury was reported and the insec-

ticidal properties of the combination were retained. The author con-

sidered that where the beetles were numerous and a large percentage

around the vines, a Bordeaux-tobacco mixture should prove effective.^

Fred Johnson, Bureau of Entomology, used the combination success-

fully in 1911 on nj^mphs of the grape leaf hopper.^

Hartzell, New York Experiment Station, used the combination

successfully for the nymphs of the grape leaf hopper in 1912.*

Beach, Iowa Experiment Station, in 1912 recommended the com-

bination and that soap be not used with it.^

Sanderson,^ in his book Insect Pests of Farm, Garden, and Orchard,"

states that tobacco extracts may be added to Bordeaux mixture to save

a separate application.

G. P. Gray, Chemist, California State Insecticide Laboratory,

examined our laboratory methods and records and stated that the

experiments seemed to be quite conclusive. Professor Gray's tests

showed that no soluble copper was produced by mixing Bordeaux with

the ordinary tobacco extracts found upon the market.^

Professor M. B. Waite tested the combination last summer on canta-

loupes on his own farm. No foliage injury occurred and the Bordeaux

^ In correspondence.

2 Bureau Entomology, Bui. 82, pt. IV.

2 Bureau Entomology, Bui. 116, pt. I.

Xew York (Geneva) Station Bui. 359.
s Iowa Station Bui. 127.

« Page 608.
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-and Nicotine Sulphate were apparently as effective as if they had been

used separately.^

H. A. Gossard, Ohio Experiment Station, states that the combina-

tion has been used on grape foliage with no bad results by cooperators

of the Station.

H. S. Price, Horticulturist, Virginia Experiment Station, states that

as a result of experiments in Virginia they believe that the combination

may be used without danger of burning foHage and without lessening

the insecticidal value of the tobacco extract.^

Similar tests and results were obtained by T. J. Headlee, New Jersey

Experiment Station.^

H. F. Wilson, Oregon Experiment Station, conducted a number of

experiments with the combination and found that the insecticidal

value of the Nicotine Sulphate did not seem to be at all impaired. No
injury was caused by the application.^

Miscellaneous Remarks.—It should be noted in our experiments

that we used commercial Nicotine Sulphate. Free nicotine will combine

with free copper sulphate, precipitating the copper. We have not in-

vestigated the result of adding free nicotine to Bordeaux and are not in

position to make any statements concerning the safety of such a

combination.

It has been stated by Professor Gray and others that the possibility

existed that certain nicotine preparations containing much extractive

matter would tend to dissolve the copper of the Bordeaux mixture.

We have not investigated this matter and have no data bearing upon
this phase of the problem.

At this point we would state that the terms 'Hobacco extract" and

^'nicotine solutions" are not synonymous. The term ''tobacco ex-

tract "is understood by the trade to mean an aqueousextract of tobacco

which therefore necessarily contains the water soluble ingredients of

tobacco. ''Nicotine solutions" are understood by the trade to mean
more or less highly concentrated solutions obtained by processes other

than aqueous extraction.

Conclusion.—These results and records indicate that Nicotine

Sulphate may safely be added to and applied with Bordeaux in all

cases where Bordeaux alone may be safely used.

President H. T. Fernald: The next paper on the program is

by P. J. Parrott and W. J. Schoene.

^ In correspondence.



204 JOURNAL OF ECONOMIC ENTO^IOLOGY [Vol. 8

THE INSECTICIDAL PROPERTIES OF VARIOUS SULPHIDES
AND POLYSULPHIDES

By P. J. Parrott and W. J. Schoexe

(Ahstract)

Recent years have witnessed the appearance on the market of a

large number of sprajdng mixtures which derive their efficient prop-

erties from sulphides and polysulphides of sodium, potassium, cal-

cium and barium. IMost of these are in liquid form, but three

preparations in a powdered or granular state, containing sulphides of

sodium, potassium and barium respectively as their chief constitu-

ents are now offered for sale. It appears that methods for obtaining

calcium sulphides in dry form have been devised, but so far only

liquid preparations of these compounds are handled by dealers in

spraying supplies. The amount of sulphur in proprietary insecti-

cides containing sulphides and polysulphides of the different bases

varies greatly, ranging for the sodium preparations from 1.79 to 58.92

per cent; potassium, 2.39 to 38.72 per cent; calcium, 3.97 to 26.40

per cent, and barium 16.54 to 44.0 per cent.

The variation in amounts of sulphur in the commercial mixtures

reveals a need of definite information as to the comparative insectici-

dal properties of the foregoing sulphides as a basis for safe and specific

recommendations. To obtain data as to the relative merits, experi-

ments have been conducted for the past two jesLVS in which the com-

pounds have been tested on the basis of their sulphur content, the

sulphides and polysulphides of the different bases being used at vary-

ing strengths to give similar ratios of sulphur respectiveh^ in the chlute

mixtures.

In experiments against the San Jose scale, using the compounds at

the rate of four and three-fourths ounces of sulphur to a gallon, there

were variations in effectiveness on individual trees, especially in apple

orchards, which were, however, fairly distributed among the various

plats. As gauged by blemishing of fruit, production of young scales

and infestation of new wood, it was difficult to perceive that one prep-

aration had any appreciable advantage over another. If the com-

pounds do really differ in effectiveness, these results suggest that the

differences in efficiencies are not great and apparenth^ are such as

could easily be overcome either by more thorough sprajdng or b}^ slight

additions to the sulphur content of the chlute mixtures or by the in-

corporation of inexpensive substances to increase toxic properties.

The work in general so far points to the conclusion that the strength

of a preparation with regard to its sulphur content is a more impor-
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tant consideration than the nature of the base of the sulphides and

polysulphides. On the assumption that the compounds of the different

bases are equal or nearh^ equal against the scale, the chief factors that

enter into a choice of a proprietary insecticide are safeness to foliage

when combined with arsenate of lead and economj^, in which respects

the advantage appears to lie with the calcium and barium sprays,

the former being less expensive of the two.

In tests to determine their values as stomach poisons, none of the

compounds alone, apparently, including those of barium, were harmful

to various species of leaf-eating caterpillers or beetles. In most in-

stances arsenate of lead with, the sulphides and potysulphides of sodium

and potassium was somewhat quicker in manifesting its toxic proper-

ties than when combined with the other compounds, which may
be explained by the formation of soluble arsenic in the reactions be-

tween the poison and the sulphides. Because of the chemical reac-

tions, the sodium and potassium sulphides, while more rapid in their

poisonous effects upon insects, were generally much more liable to

cause injuries to the foliage of fruit trees than the calcium and barium

compounds in combination with arsenate of lead.

According to their nature and mode of action, various substances

are incorporated in spraying mixtures to give penetrating and adhesive

properties. The agents that are commonly used are silicate of soda,

saccharates, soap, glue, gelatine, resin, and home-made and commer-
cial oil emulsions. Tests show that glue, soap, glycerine, sodium sili-

cate and oil emulsions of various formulas may be combined with the

sodium and potassium sulphides, and that similar combinations are

possible with, the calcium and barium sulphides except in the case of

soap and oil emulsions. As to the influence of such combinations on

effectiveness, no marked results have been observed, except when soap

and oil emulsions were employed with the sodium or potassium sul-

phides against aphides or oil emulsions with the same sulphides for

the control of the San Jose scale. The principal gain in the latter

case appears to be in an increased rate of toxicity. The destructive

action of the sulphides alone on the scale is apparently slower, and
while prolonged over a more extended period may, however, prove no

less efficient.

President H. T. Fernald: The next paper is by W. M. Scott.
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A NEW CONTACT INSECTICIDE

By W. M. Scott, Baltimore, Md.

Lime-sulphur solution is by far the most important contact insecti-

cide now in use, and in tonnage it probably equals, if it does not exceed,

all the other insecticides, combined. It is unique in that it is both an

insecticide and a fungicide and has a wider range of usefulness than

any other spray material. Applied to fruit trees in the dormant season

it serves to control the San Jose scale, oyster-shell scale and some
other insects, as well as the peach leaf-curl disease. In the growing

season it is used for the control of apple scab, apple leaf-spot, ''red

spider" and several other plant pests. It has largely supplanted the

oils and soaps as scale remedies and has partly displaced Bordeaux

mixture as a fungicide.

On the other hand, this material is unpleasant to prepare on the

farm, bulky and heavy to transport and difficult to store without loss

from leakage a^d evaporation. Owing to these objectionable features

there has arisen a desire among fruit-growers for a ''dry lime-sulphur"

or a dry material that could be used as a substitute for lime-sulphur

solution in the control of insects and diseases. Attempts have been

made to produce such a material by reducing lime-sulphur solution

to dryness, but the polysulphides of calcium upon drying decompose

and become insoluble, thus largely losing their insecticidal value.

Calcium thiosulphate, one of the ingredients of lime-sulphur solution,

is soluble in water but experiments have shown that it is not an effi-

cient insecticide. It therefore becomes necessary to employ some

other base as a carrier for the sulphur. The results of experiments

conducted by the writer during 1913 and 1914 show that barium is a

satisfactory material for this purpose.^ Professor Parrott in his paper,

just presented, has shown that a solution of barium and sulphur is

fully as effective as lime-sulphur solution in the control of the San Jose

scale.

Barium and calcium belong to the same mineral group and the poly-

sulphides of these two bases, being so closely related, might be expected

to possess about the same insecticidal and fungicidal properties. One
important difference in the two materials is that the polysulphides of

barium, or at least one of them, can be produced in the form of soluble

crystals while those of calcium cannot.

Boiling a given quantity of barium sulphide (BaS) in water with all

the sulphur that it will take up produces a solution composed chiefly

^ The chemical work in connection with these experiments was performed by Mr..

C. B. Clark, a chemist of the Thomsen Chemical Company.
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of barium penta-sulphide (BaSs) which when reduced to dryness under

suitable conditions forms barium tetrasulphide (BaS4H20) and free

sulphur. This dry material also contains some thiosulphate (BaSoOs) =

As prepared for the writer's experiments it analyzes approximately as

follows

:

The tetrasulphide occurs in the form of reddish yellow crystals of

the rhombic system and it is readily soluble in cold water. The free

sulphur and thiosulphate also largel}^ dissolve in the tetrasulphide

solution, leaving about 4 per cent of the material as insoluble residue.

During the dormant season of 1913-14 the writer conducted experi-

ments for the control of the San Jose scale in Virginia, West Virginia,

Pennsylvania and New York and in no case could there be observed

any material difference in the killing effect of the barium product and

lime-sulphur solution. The results of an experiment conducted in a

ten-year-old apple orchard at Sleepy Creek, W. Va. are shown in

Table I. Trees moderately infested with the San Jose scale were

selected and the spraying was done on December 5, 1913. In making
the examination on April 29 and June 8, the old weather-beaten scales

that were evidently dead before the spraying was done, or that died

naturally during the winter, were, of course, not counted, so that the

percentages given in Table I include only those scales that could be

expected, normally, to pass the winter alive.

BaS4H20 . . .

Free sulphur

BaSsOs

Impurities. .

Spraying Experiments

Table I. Sax Jose Scale Experiment, Sleept Creek, W. Va., December 5, 1913

Plot Materials
Oz. to 1 gal.

Water

Per cent Scale

Dead 4-29-14

Per cent Scale

Dead 6-8-14

8

9

10

2

3

4

5

6

Calcium thiosulphat*

Calciiim sulphide

Lime-sulphur sol. 33° B . .

Lime-sulphur sol. 33° B.

.

Baritoi-sulphur sol. 33° B
Barium-sulphur sol. 33° B
Barium-sulphur sol. 33° B
Dry barium-sulphur

Dry barium-sulphur

Check TJnsprayed

16

6

20

15

20

15

28

12

12

59

83,

95

95

951

95

100

96

95

5U

60

90

The barium-sulphur solution mentioned in Table I is analogous to

Hme-sulphiir solution and was made by boiling the simple sulphide
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of barium with sulphur. The dry barium-sulphur is the material

already described, the chief ingredient of which is barium tetrasulphide.

It will be noted that the barium product killed the scale quite as

effectually as the lime-sulphur solution, and that there was practically

no difference in the effect of the dry form and the solutions. Calcium

thiosulphate had no material effect on the scale, while calcium sulphide

apparently did. However, these two materials were used on only

one tree each which is not sufficient for conclusive results. The barium

products were used on about 200 trees.

Another experiment comparing the dry barium-sulphur product with

lime-sulphur solution in the control of the San Jose scale was conducted

in a three-year-old orchard near Hancock, Md. This orchard is com-

posed of peaches and apples interplanted, and the plots were so ar-

ranged that each contained at least one apple and one peach tree badly

infested with the San Jose scale. About 200 trees were sprayed with

the dry barium product and a like number with lime-sulphur solution.

The application was made on March 25 and 26, 1914, and the trees

were examined several times during the spring and summer. The
results of examinations made on May 30 and July 4 are shown in

Table IT.

Table IL San Jose ScAy.E Experiment, Hancock, Md., March 25-26, 1914.

Plot Materials
Lbs. to 50 gals.

Water

Per cent Scale

Dead
5-30-14

Young Alive

7-4-14

1 Dry barium-sulphur (a) 16 99i None

2 Drv barium-sulphur . 24 100

3 Dry barium-sulphur 32 100

41 59 99i

5 16 99i

6 Dry barium-sulphur ^4 99i

7 Dry barium-sulphur 32 99i

8 Dry barium-sulphur (c) 16 100

9 Dry barium-sulphur 24 99

10 Dry barium-sulphur 32 100

11 Dry barium-sulphur 10 99^

12 Check llnsprayed 50 Many

(a) represents the dry BaS4H20 with all the impurities, (6) the same material with most of the impurities removed,

and (c) the same as (6) but prepared in a somewhat different manner.

1 Plot 4 was sprayed with lime-sulphur solution (320-33" Beaum6) diluted at the rate of 5| gallons (59 lbs.) to 50 gallons

of water.

As shown by the figures in Table II there was practically no differ-

ence in the insecticidal effect of the barium-sulphur crystals and lime-

sulphur solution. An examination on May 30 showed from 99 per

cent to 100 per cent of the scale dead on all the sprayed plots and 50

per cent on the unsprayed plot. On July 4, crawling and newly settled
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young were found in abundance on the unsprayed trees, but none could

be found on the badly infested trees which had been marked for exam-

ination in each of the sprayed plots. Subsequent examinations made
on August 19 and November 27 showed no change in the results except

that the infestation on the unsprayed trees grew steadily worse.

In 32 pounds of the dry barium product there is about the same

amount of sulphur as is contained in 59 pounds (5J gallons) of the lime-

sulphur solution used and yet 16 pounds of the former material to 50

gallons of water were sufficient to control the San Jose scale. A dilu-

tion as weak as 10 pounds to 50 gallons of water apparently killed the

scale, as shown in plot 11, but this strength was used in only the one

experiment and the results should, therefore, not be considered con-

clusive. However, the strength of 16 pounds to 50 gallons of water

was used in several different orchards with uniformly good results,

which would indicate that, when combined with barium, less sulphur

is required to kill the scale than when combined with lime.

An experiment for the control of the oyster-shell scale was conducted

in the laboratory at Baltimore and here again the dry barium-sulphur

product proved to be as effective as lime-sulphur solution. On March

3, 1914, poplar branches badly infested with this scale insect were

placed in jars of water in a warm room and sprayed with these

materials. A similar branch was left unsprayed as a check. The
branches threw out roots from the cut surface in the water and kept

alive long enough for the conclusion of the experiment. The old

female scales were gorged with eggs which began to hatch on April 2,

when 83 young were counted crawling over the unsprayed branch.

No young were out crawling on any of the sprayed branches but by
removing a few mother scales it was found that the eggs were beginning

to hatch.

At the conclusion of the experiment, April 17, all of the eggs on the

unsprayed branch had apparently hatched and the writer counted

300 young which had settled down and formed a scaly covering. On
the branch sprayed with barium-sulphur (BaS4H20+), 5 ounces to 1

gallon of water, about 90 per cent (estimated) of the eggs hatched and
most of the young died without emerging from beneath the mother
scales. Thirty-four young had succeeded in emerging but only two
of these remained alive. On the branch treated with 7.7 ounces of

barium-sulphur to 1 gallon of water, all the young died without emerg-

ing from beneath the mother scales. On a third branch treated with

10 ounces of barium-sulphur to 1 gallon of water the same results were

obtained, except that 30 young emerged, all of which died without

settling down. On a branch sprayed with 1 pint of lime-sulphur

solution to 50 gallons of water, 300 young issued but all died with-

out settling down.

4
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During the growing period of 1914 spraying experiments were con-

ducted in several apple orchards to determine the fungicidal value of

barium-sulphur as compared with lime-sulphur solution. It was di-

luted at the rates of 3 pounds and 6 pounds of the crystals to each 50

gallons of water and was used alone, in combination with arsenate of

lead and in combination with arsenate of lime. Fungous diseases,

such as apple scab and apple leaf-spot, were controlled by this,material

to about the. same extent as by lime-sulphur solution, and no injury

to fruit or foliage was produced.

Also, 50 peach trees were sprayed with barium-sulphur, 3 pounds to

50 gallons of water, about three weeks after the petals fell and again

one month later. Arsenate of lead (If pounds to 50 gallons) was
added to the solution in the first application, but not in the second.

No injury to fruit or foliage was produced and peach scab {Cladosporium

carpophilum) was thoroughly controlled. This would indicate that

barium-sulphur is less likely to injure vegetation than Hme-sulphur

solution which is known to be quite injurious to peach foliage.

Me. J. S. Houser: I would like to ask the cost per pound of

barium sulphide?

Mr. W. M. Scott: The cost so far as the manufacturers are

concerned has not been worked out definitely. My understanding is

that it will cost about four cents a pound and that at that price the

original cost at the factory will be a little more than lime-sulphur

solution but the difference will be made up by the difference in freight.

One thing I did not call attention to and that is that with 10 pounds

to 50 gallons of water, it controlled the scale just as well as it did at

16 pounds or at 32 pounds. In other words, it would seem that when
combined with barium the sulphur is somewhat more effective than

when combined with lime, or rather, that much less sulphur is effective

when combined with barium than when combined with lime, which,

if this proves true, would make the barium product cheaper than the

lime-sulphur solution.

A Member: I would like to ask if this is in the form of crystals

that can be reduced to dry powder?

Mr. W. M. Scott: The formula is BaS4H20, but it can be

ground to a powder.

Mr. R. L. Webster: I would like to ask in regard to destroying

the eggs of the oyster-shell scale, how did you determine that the eggs

were killed?

Mr. W. M. Scott: I did not intend to say that it killed the eggs

of the oyster-shell scale. What I intended to say was that it appar-
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entl}' prevented some of the eggs from hatching. Practically all of

the eggs on the unsprayed branches hatched while 10 per cent or more

of those on the sprayed branches failed to hatch and dried out. Ba-

rium-sulphide is fuU}^ as caustic and objectionable as hme-sulphur;

so far as we have been able to determine, it keeps indefinitely; that is,

we have had it for more than a year and it has not decomposed yet.

Upon long exposure open to the air, it will gradually oxidize and a

fine powdery substance accumulates on the outside of the crystals

which amounts to a very small percentage after standing for more

than four or five months.

Mr. T. B. Symons: I presume it would have about the same

effect on leaf curl as hme-sulphur.

Mr. W. M. Scott: The fact that it has done everything that

lime-sulphur has done in all of the experiments would lead us to

believe that it would act about the same on leaf curl, although we have

not had an opportunity to try it on that disease. We sent some to

California and Mr. Foster made some experiments on lemon trees for

red spider and other mites, comparing it with, lime-sulphur solution.

He obtained something like 98 per cent efficiency in controlling the

citrus red spider and there was no injury to the foliage, while lime-

sulphur solution applied at the same time scorched the foliage. It

looks as though there is a promising field for this material in citrus

spraying.

Mr. p. J. Parrott: In regard to the fungicidal properties of

barium-sulphide, I ^dll say that we used it in solution last spring with

satisfactory results to control apple scab.

President H. T. Fernald: The next paper will be read by J. W.
McColloch.

RECENT RESULTS IN THE USE OF DUST SPRAYS FOR CON-
TROLLING THE CORN-EAR WORM

By James W. McColloch, Assistant Entomologist, Kansas Agricultural Experiment

Station

The corn-ear worm {Heliothis ohsoleta Fab.) has long been recognized

as one of the most difficult of the staple crop pests to control. A
study of its life economy shows that there are a number of factors in

the life cycle of this insect that are prohibitive of complete control

and that the best that can be hoped for is a material reduction in the

amount of injury: first, the larvae feed almost entirely within the curl

of the corn plant or within the ear where they are inaccessible to

parasitic enemies and where as.yet it is impossible to reach them with

a spray; second, the larvae are able to feed and develop on a wide
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range of host plants; third, the adult moths are strong fliers and are

able to travel readily from one field to another; and, fourth, the females

are capable of depositing from five hundred to two thousand eggs, the

eggs being laid singly and generally only one on a plant.

Numerous measures for the control of this pest 'have been advocated

from time to time and some of them have proved effective in reducing

the amount of injury. While the greater part of these measures are

cultural in nature and aim at the prevention of the injury by the

destruction of the insect before it infests the plant, a few of the meas-

ures advocated are remedial ones and are directed at the destruction

of the insect after it infests the plant. Probably the most generally

recommended remedial measure is that of poisoning. As early as

1879 Professor Comstock recommended the use of Paris green, either

with water or dry with flour, as a means of destroying this insect on

cotton.

Spraying as a measure of controlling the corn-ear worm on corn

not only has received much prominence during the last few years but

also seems to be growing in favor, and from a number of different

sources good results have been reported in regard to its effectiveness.

Six years ago the Department of Entomology of the Kansas Agri-

cultural Experiment Station took up a study of this method and since

then the work has been carried on more extensively each year. It was

found that a large percentage of eggs deposited during the summer
were placed on the fresh corn silks and that the worms causing the

injury to the ear originated from these eggs. The young larvae on

hatching from the eggs begin feeding on the silks and eating their way
down into the ear. From the data thus accumulated it seemed possible

to control a larger percentage of the injury by keeping the silks sprayed

during the silking period.

As a preliminary to certain general spraying experiments some work

was done to determine what poison could be used most effectively

against the corn-ear worm and at the same time not be injurious to

the silks. From the results of this work it was found that powdered

arsenate of lead was the most efficient poison.,

During the past six years in Kansas the average number of ears of

corn injured by the corn-ear worm ranged from 85 to 95 per cent and

from 5 to 25 per cent of the grains on these ears have been injured,

either by the worm or by the accompanying moulds and fungi. Much
of this injury has been so severe as to render the corn unfit for feed or

for seed or show purposes.

During the past summer the department of entomology, in coopera-

tion with the Union Sulphur Company, carried on a series of dusting

experiments. Three plots, each one-third acre in extent, were dusted
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with different strengths of Corona dry arsenate of lead. The silks

in Plot 1 were dusted with 100 per cent arsenate of lead, those in Plot

2 with 63 per cent arsenate of lead, and those in Plot 3 with 50 per cent

arsenate of lead. Sulphur was used as a carrier of the lead in Plots

2 and 3. A fourth plot was kept for a check. The dust which was

applied by shaking from an ordinary cheese-cloth bag was applied

every, three days during the time the silks were fresh. No attempt

was made to get the poison on any other part of the plant. Owing to

the dry weather the applications were made more frequently than

would ordinarily be necessary. The results of this experiment are

shown in the table.

Table Showing the Results of Dusting Corn to Cot^tbol Ear-Worm Injury

Plot Treatment

Cost

Per Cent Ears Per Cent Grain
Amount

Mould

Injury

Yield

Poison Labor Total

Injured Injury

1. . .

.

100% A. of L. S3. 36 SI. 76 So. 12 63 Less than 1% None 10.7 bu.

2.... 63% A. of L. 1.82 1.61 3.43 66 Less than 1 % None 12.6
"

3.... 50% A. of L. 2.20 1.70 3.90 88 About 5% Moderate 12.5
"

4. . . . Check 98 About 10% ' Bad 11.9
"

While over 60 per cent of the ears in Plots 1 and 2 were injured by
worms the damage was so slight as to be almost negligible. In almost

ever}^ case only one or two grains were injured on each ear and the

usual moulds and fungi which accompany corn-ear worm work were

not present. In the check plot the injury due to the ear-worm and to

the accompanying moulds and fungi was so bad that much of the corn

was unfit for feeding to stock, especially to horses.

The results of the past summer show that the 63/ per cent mixture

controlled the corn-ear worm practically as well as did the pure arsen-

ate of lead. The difference in cost, however, was about $5.00 less per

acre in favor of the 63 per cent arsenate of lead.

From the results given in the table it is seen that the cost of this

treatment is prohibitive where corn is grown for forage and grain

purposes. It is the opinion of the author that this cost can be reduced

fully one-half by lengthening the period between applications to five

days and by using a cheaper carrier, such as hydrated lime. This,

however, would still make the cost at least $5.00 per acre. Where
corn is raised for show purposes or for seed and roasting ears, dusting

can be recommended as being very profitable. Sweet corn can be

sold on the market for from five to ten cents more per dozen ears,

when it is known to be free from ear-worm injury.
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The following conclusions may be drawn from the results thus far

obtained

:

(1) The amount of corn-earn worm injury can be greatly reduced

by the thorough dusting of the silks.

(2) The cost of this treatment is prohibitive where corn is raised for

grain and forage purposes.

(3) This treatment is profitable where corn is grown for roasting

ears, show purposes or for seed.

(4) Sixty-three per cent arsenate of lead is equally as effective as

pure arsenate of lead and costs less.

President H. T. Fernald: The next paper will be by Leonard

Haseman.

THE CORN-EAR WORM
By L. Haseman, Columbia, Mo.

During the past few years this pest has been unusually abundant in

Missouri and has done an enormous amount of damage to corn and

other crops. Mild winters with dry summers followed by early fall

rains seem to provide the most favorable conditions for this pest. Our
records of the past three years seem to prove this. This pest has been

on the increase for the three years just past and since the generally

recommended precautions and remedies ha^^e given little relief, an

attempt is being made to study the life and habits of the insect more

carefully in hopes that some treatment may be devised which will

prove more effective in controlling this pest. The work is scarcely

begun so these remarks will be confined to those facts which we have

been able to work out during the past year.

Food Plants.—Corn is clearly the favorite food of this pest, though

it feeds readily on other plants and plant parts. Early in the season

the caterpillar works down in the growing tip of the corn. Its work

in the ears begins at '^shooting" time and may continue until the

grains are dry and hard. Green tomatoes are also badly attacked,

especially in the fall. Cotton where it is grown is also a favorite food,

the caterpillars boring into the bolls and feeding on the seeds and fiber.

The caterpillars are also destructive to beans, peas, cowpeas and other

legumes which develop pods. Late in the fall they may attack the

succulent growth on alfalfa, clover and other plants. They feed

largely as borers though they may feed exposed on the foliage and

tips of plants. They are very voracious when hungry, often feeding

on each other or other species of caterpillars. They are, therefore.
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quite general feeders, especially late in the fall when they are not con-

fined to cornfields by any means, which makes it impossible to reach

them with, winter plowing.

Life History.—The number of broods a year in Missouri has not

been carefully worked out if in fact there is a definite number. It is

a question as to just how many broods occur before the ears form.

After the ears form the broods so overlap that it is difficult to differ-

entiate them, though from our breeding records it is evident that there

are a number of broods a year.

Egg.—The female ovaries contain as many as 1000 eggs in all stages

of development. It is not likely that all are matured and deposited,

though judging from the number of eggs found on the silks of one ear

this is not unbelievable. Egg laying must last several days. Eggs

are invariably placed on the corn silks the first night they are out. In

some cases 70 eggs have been found on the silks of a single ear. Most
of the eggs are stuck to the silks though some are deposited on the

shucks.

Caterpillar.—The eggs hatch in about three days on an average, so

that the worms are at work on the silks almost as soon as polleniza-

tion has been completed. At first the caterpillars are too small for

the average eye to detect them readily. They feed at first on the

fleshy silks and as they increase in size, follow the silks down to the

grains and feed on them. Later other eggs are deposited on the tips

of ears so that small and large worms are found in the same ear. In

some cases one caterpillar may form a tunnel almost the full length of

the ear, though more often it destroys all the grains at the tip.

The average length of the larval period is 18i days and has been

found to vary from 16 to 21 days.
" Pupa.—^Pupation occurs in the soil or rarely under moist rubbish.

The depth to which the caterpillar bores before pupating varies. In

breeding jars with from one to three inches of sand or soil they bore

to the bottom invariably.

The pupal period in the fall varies from 7 to 18 days with an average

of 14 days.

Adult.—The moth is very active and feeds on nectar of flowers and

juices of fruits. It flies and feeds during the day as well as at night.

This is especially true on cloudy days. The eggs are not all matured

at the same time and evidently the food taken is used in maturing the

eggs during the egg-laying period.
^

The length of the life of the adult moth was not determined except

in case of moths reared and confined in breeding cages. Under those

conditions the moths soon die, the average life being 5 days. In

nature the life period of the moth is evidently much longer. This

must be determined.
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Extent of Injury.—During the past summer and fall 75 to 80 per

cent of field corn grown in bottom land which had been in corn last

year and winter plowed was attacked by this pest. The extent of this

injury to each ear varies but the total loss is at least 10 per cent of the

crop. In case of fall grown sweet corn 100 per cent of the ears were

attacked with practically a complete loss of the crop. With such

damage as this the total loss throughout the corn belt amounts to

several millions of dollars.

The actual damage does not stop with the corn which is consumed

but fungus growths of the smut type follow up the work of the worm
and destroy m.uch more of the corn. Some of these smuts seem to have

poisonous properties and some veterinarians attribute the poisoning

of stock fed on wormy corn to these smuts. If this is true the pest is

indirectly responsible for such losses. In the past three years a great

many animals have been lost due to poisoning in this state.

Experiment for Preventing Injury.—Since it is not possible to

reach the pest successfully with remedies generally recommended and

since cooperation of farmers is not possible, an attempt has been made
to find some treatment of corn which will protect the crop during the

growing season. The pest being one which feeds first on the silk and

later enters the ears, it was thought that some treatment of the ears

at /^shooting" time might accomplish this.

We have used a number of materials both in the form of a spray

and as a dust. It is necessary that the material used must not injure

the silks or ears and if it is to give results it must either poison the

young worms or repel the moth or worms. The repellents used have

given no results so far. The poisons in some cases injured the corn,

in other cases gave no results, while in case of powdered arsenate of

lead the damage was reduced from 75 to 35 per cent.

This work is to be continued along those lines which have proven

most successful. This year we used 5 acres of field corn and one-

fourth acre of sweet corn in our experiments. While at present the

results seem rather discouraging I believe an economical treatm.ent

can be found that will save the corn crop.

Mr. Wilmon Newell: I would hke to ask Mr. McColloch

whether he made any observations on the feeding of the larvae on the

silks before they made their way inside the shuck.

Mr. J. W. McColloch: They may feed for a few hours after

hatching. They feed on the egg shell first and then start down into

the ear. We have not carried on very much work along that line but

they move pretty rapidly to the ear and probably v/ithin six hours

after they hatch they are down in the tip of the ear.
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Mr. T. J. Headlee: I think Mr. Richardson can tell us some-

thing about this.

Mr. C. H. Richardson: Experiments were made summer before

last in which we found that the young worm was in the apex of the

ear within twenty minutes after hatching. These were laboratory

experiments. I was not able to prove this in the field as the difficulties

of observation were many. There was very little feeding until the

worms were within the apex of the ear well hidden in the silk. I think

the efficiency depends on a httle of the insecticide deposited on the

silks sifting downward as the silks grow out.

A ^Member : I would like to ask if good results have been obtained

with hydrated lime, as we found it was very difficult to prevent a

separation of the arsenate of lead and the hydrated lime.

Mr. J. W. McCollocf: As far as I know hydrated lime has

not been used very extensively. The chemical company with which

we cooperated this year suggested its use in the place of sulphur.

Mr. T. J. Headlee: At one time we collected a little evidence

on the use of lime as a diluent for powdered arsenate of lead. Gen-

erally speaking these tests showed no injury. In some cases, however,

the collection of the lime and lead at the axils resulted in the bleaching

of the leaf at that point. This was not, however, the universal rule,

indicating that the constitution of the lime was variable. As a matter

of fact, it is extremely probable that the air-slaked lime used was not

yet entirely changed and that the bleaching occurred when the lime

was still caustic. The physical nature of lime seems well adapted

to serve as a diluent for the powdered lead, but its caustic nature must

be changed.

I should like to ask a question on my own account. I should hke

to inquire whether Mr. Haseman or Mr. McColloch have made use

of a mechanical distributer of the poisons, and what results they have

gotten, if any.

Mr. Haseman: Would simply say that our machine will powder

off—a thin dust.

Mr. McColloch: We used an ordinary cheesecloth bag.

Mr. Headlee: I asked that question because in the summer of

1913, Mr. Richardson of our department made a thorough test of a

horse machine. This distributer was devised by the late Mr. Karl R.

Wundt and the speaker and built by the Dust Sprayer Manufacturing

Company of Kansas City, Mo. The mixture was delivered as dust

under pressure and gave the whole corn plant, especially the ear, a

fine coating of the poison. It was tried in Missouri by Mr. Wundt in

the summer of 1912 with excellent results. In our test it failed to

effect control. A careful study showed that it failed because the young
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worm in most cases penetrated the silk below the poison before attempt-

ing to feed. The maintenance of the small pile of dust placed on the

silks in course of hand application caused the poison to filter down
between the silks as they grew and kept the very zone in which feeding

began poisoned. In this way the hand applied poisons effected satis-

factory control while the machine applications failed.

Mr. F. C. Bishopp: Mr. McColloch is to be congratulated.

The control of the boll worm is certainly rather difficult in the case

of corn. It seems apparent that they do not have the worm as badly

in these two states, Kansas and Missouri, as we had farther south.

In Texas for instance, almost 100 per cent of the ears are infested in

certain localities. The number of worms is apparently much greater.

There we have found that often corn ears are infested by larvae which

hatch from eggs deposited on the husks or somewhere else than on the

silk, within one day or less after the silk begins to put out. You would

have to begin your poisoning the minute the ear begins to show silk.

Another point, I fear we will experience much difficulty in getting this

poisoning system established in many of the corn-growing regions.

While it may be practical on a rather small scale, it is doubtful if the

same method will be generally applicable.

Mr. Leonard Haseman: We also get worms in every ear of late

corn so that not merely 70 or 80 per cent but 100 per cent injury

occurs in the case of late maturing corn.

I would like to ask Mr. McColloch if he has used poisoned bait for

the moths; and also if he notes any difference in the work of the pest

on ears which have been opened slightly just at ''shooting" time?

We seem to find that if we open the ears slightly at the tip, we have less

worms than where they are untouched.

Mr. J. W. McColloch: We tried the poisoned baits on moths

and also attempted to catch them in fly traps, but the results were

practically negative.

Mr. T. B. Symons: I would like to ask Mr. McColloch as to

diluting arsenate of lead?

Mr. J. W. McColloch: Sixfcy-three per cent arsenate of lead

contains 63 parts of arsenate of lead and 37 parts of sulphur.

President H. T. Fernald: I would like to say as a matter of

record in addition that during the twenty-eight years that the Experi-

ment Station in Massachusetts has had an Entomological Depart-

ment, four cases, I believe, of the occurrence of the corn earn worm
have been recorded, all of these from the extreme southern or south-

eastern portion of the state, from the territory that I have in my
address alluded to as rather typically southern in its nature.

President H. T. Fernald: The next paper will be read by Mr.

George A. Dean.
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FURTHER DATA ON POISONED BRAN MASH FLAVORED WITH
FRUIT JUICE AS A MEANS OF CONTROLLING SOME

INSECTS

By Geo. A. Dean, Entomologist of the Kansas Agricultural Experiment Station

Grasshoppers

Last year the writer read a paper before this association describing

how the grasshopper outbreak in Western Kansas was successfully

controlled by distributing over the infested areas poisoned bran mash
flavored with either orange or lemon juice. In that paper it was stated

that almost one thousand tons of poisoned bran mash were distributed

in twelve counties, totaling an area of twelve thousand square miles

and that from 60 to 80 per cent of the grasshoppers were killed by the

one appUcation. In the discussion that followed the writer further

stated that the adverse conditions produced by the dry, hot weather

probably played a considerable part in the unusual results accom-

plished. However, during the past season the same poisoned bait was

thoroughly tested in several localities where the climatic conditions

were entirely different from those of Western Kansas and the reports

from these districts are equally as good as those had in Kansas. In

an editorial of the August number of the Journal of Economic
Entomology we find the follomng statement relative to the use of

the bait in New York: "A localized though widespread outbreak of

the redlegged grasshopper and several associated forms was quickly

handled in threatened grain fields by the use of the Kansas bait,

brought to notice only last year. Djdng insects were to be seen within

four hours after the distribution of the bait and within three days

about four-fifths of the grasshoppers in a field were dead." A letter

of November 12, 1914,. from Mr. Arthur Gibson, chief assistant ento-

mologist of the Dominion of Canada, states: ^'You will be interested

to know that we had excellent results with the Kansas formula flavored

with lemons in Ontario and Quebec provinces. Near Ottawa counts

made diagonally across fields of oats, etc., gave 50 to 414 dead locusts

to the square yard. The cost was 25 cents per acre including labor.

In Quebec province the application of the mixture was even more
remarkable, the results being from 900 to 1,200 dead insects to the

square yard. The cost was 18 cents per acre exclusive of labor."

This year in Kansas the poisoned bait was used under entirely differ-

ent conditions than those of the summer of 1913. There was no general

outbreak of grasshoppers but there were several local infestations in

the central and even in the eastern parts of the state, and during the

late summer and early fall the grasshoppers were in sufficient numbers
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to seriousty tlireaten the new alfalfa and the new wheat. They came
into these crops from adjoining fields, pastures and roadsides, and had

the farmers not been prompt in the distribution of the bran mash the

grasshoppers would have seriously injured the crops. The farmers

were in close touch mth the situation and just as soon as the grass-

hoppers moved into the edge of the alfalfa or new wheat, a strip of the

poisoned bran mash was scattered broadcast early in the morning along

the edge of the crop into which they were moving. If they had already

spread into the fields the bran mash was sown over the infested por-

tions. It was scattered in such a manner as to cover about five acres

with the amount of bait prepared by beginning with twenty pounds of

bran. Inasmuch as the grasshoppers kept coming into the alfalfa and

wheat from adjoining fields, it was necessary in several cases to make
a second and even a third application of the bait at intervals of from

three to four days. In practically all cases where the bran mash was

used the farmers were successful in destro3dng the grasshoppers.

Army Worms

The past season was an unusual one in Kansas for serious outbreaks

of insects, consequently there were several opportunities to thoroughly

test the value of poisoned bran mash for the control of insects other

than grasshoppers. One of the first insects to appear was the army
^'ovm {Leiicania iinipuncta). It appeared in devastating armies in

many localities over a large portion of the eastern half of the state.

In some instances from ten to fifteen acres of corn and several acres

of garden crops were completely destroyed in a single night. -Alfalfa

fields of from ten to one hundred acres were soon devastated. For-

tunately, the army worms were discovered early enough in the season

to give a few days to prepare to meet them. Eight or ten days before

the farmers were aware of the danger threatening them, the army
worms were discovered in corn fields that previously had been in lye.

In fields of this sort the dust barrier was impracticable because the

worm.s were distributed all through the field. Poisoned bran mash
fiavored with oranges was at once sown broadcast. Within two hours

the worms were d>dng and the next day from 90 to 95 per cent of them

were dead. In other fields where the worms had already destroyed

the corn and were moving into nearby corn fields or into garden crops,

it was impossible to check them by means of a dust barrier or a ditch

because of rainy weather. A strip of bran mash was sown just in

advance of the worms. So effective was the bait that the corn and\

garden crops on the other side of the strip were unmolested.^

1 It should be stated that while several of the experiments were being conducted

the army worms were feeding and moving during the day. It was cloudy and shght

rain was faUing part of the time.
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On finding the poisoned bran mash practically one hundred per cent

effective, not only under different climatic conditions but also with

the worms infesting different crops and moving in different manners,

the writer felt safe in recommending it as the most practical and effec-

tive method of controlling the army worm. No time was left for

further experiments. The department, through the county demon-

stration agents and its special reporters, was in close touch with the

situation over the state. On May 30 the general warning was sent

out by wire and by letters calling attention to the seriousness of the

infestation and urging immediate action. The next day the daily

papers gave wide publicity to the serious outbreak and recommended

the use of the bran mash, the dust barrier, and spraying with an arseni-

cal spray. Within two days several of the county agents through the

bankers' associations and county clubs and by the use of the rural

telephones had their counties not only organized but had the farmers

already distributing the bran mash. In nearly all cases the farmers

were prompt in organizing and putting into operation the methods of

control recommended. If the worms were moving into an adjoining

field a strip of the bran mash was sown broadcast along the edge of

the field into which they were moving. If they were already in a field

of corn and the corn was small, the bait was sown broadcast down in

the lister furrows. If the corn was larger, it was scattered so that a

small portion of the mash dropped in the curl. If they were abundant

in an alfalfa field the crop was cut at once and the worms destroyed as

they were moving into an adjoining field. If they were working on

alfalfa that was just starting up after it had been cut, the bait was sown
broadcast over the infested field. Instructions were given to scatter

the bran mash in the evening unless the worms were working or moving
during the day, which they did on cloudy and slightly rainy days.

In nearly all cases the results were excellent. Many of the reports

from the county farm agents stated that large numbers of the worms
were dead within thirty minutes after the poisoned bait was applied

and within two hours the majority were killed. One of the men of

the department stated that in one case the army worms were coming

into a corn field from an adjoining field of rye. To reach the corn

they had to pass through an osage orange fence and during the day

they congregated along the hedge in large numbers, and undoubtedly

would have moved into the corn at night. Since there were hundreds

of worms to the square yard along this fence it was an ideal place to

distribute the bait. A heavy sowing was made just before noon under

the hedge and along the rye field. Within thirty minutes hundreds of

dead worms were found. Within two hours the ground was covered

with dead ones and practically every small depression was filled with
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them. Counts made in average places along the hedge showed over two
hundred dead worms per square foot.

Such excellent cooperation was had from nearly all the farmers, and
so well organized were many of the counties—credit for which should

be given to the county farm agents—that within less than two weeks

the army worm infestation was completely under control and instead

of a loss of some five or six million dollars to agricultural crops (which

would be a conservative estimate of the damage if the worms had not

been destroyed, and a loss that actually did take place in an adjoining

state) the damage in Kansas w^as considerabh^ less than a million

dollars.

Variegated Cutworm

It is nothing unusual in Kansas for the variegated cutworm (Peri-

droma saucia) to appear in great numbers in local districts and take

on the habits of the armj^ worm. In the spring of 1909 the infesta-

tion of this insect, which was more severe than usual, extended over

several counties in the south central part of the state. At that time

they appeared in the early spring and destroyed thousands of acres

of wheat and many acres of alfalfa. The writer as well as two other

men of the Experiment Station spent several days in the field endeavor-

ing to find an effective method of control. The ordinary poisoned

bran mash did not prove effective and was soon discarded as an ineffec-

tive and an impracticable method of control.

The infestation of last spring was a much wider one, extending over

almost the same territory as that infested by the army worm. In

fact, in many cases the army worms were associated with the cutworms

in the alfalfa fields. Instead of injuring crops early in the season and

confining their attack almost entirely to wheat as they did in the pre-

vious infestations, they appeared almost sixty days later or about the

first of June, and the main injury was confined to the alfalfa, although

in a few^ cases after the alfalfa had been cut, they migrated into garden

truck and corn.

The first crop of alfalfa w^as cut during the last of May and the first

week in June. If army worms were present they at once moved into

the adjoining fields of corn, wheat, or garden truck, but in nearl}^ all

cases the cutworms remained in the alfalfa. Climatic conditions were

very favorable for a rapid growth of the second crop, which was suffi-

cient to hold the cutworms, although apparently it did not entirely

satisfy their appetites. Within two or three days the farmers noticed

that the alfalfa was not gro^vdng and that the ground was just as bare

as the day the alfalfa was cut. An examination of the fields soon

showed that the worms were eating the new growth of alfalfa just as

soon as it appeared. Although the worms did not get enough to sat-
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isfy their hunger during the night, they did get enough to eat to keep

them from migrating, and with the advent of day they entered the

ground to wait for the next night's meal. This made conditions ideal

for poisoning them. In the evening the bran mash flavored with

oranges or lemons was sown broadcast over the infested fields. It was

sown in such a manner that the amount of bait prepared by begin-

ning mth twenty pounds of bran covered about five acres. In nearly

all cases the results were practically one hundred per cent effective.

One application was sufficient. In some cases the morning after the

application of the bran mash from one hundred to five hundred dead

worms were found per square yard. In fact, one could scarcely believe

so many worms were present until he saw the enormous number of

dead ones the next morning.

The Black Cricket

In mam^ parts of Kansas last summer there appeared an unusually

large number of black crickets of which the most common species was
Gryllus pennsylvanicus. The crickets, attracted to the lights, soon

found their wa}^ into dwelling houses, warehouses, and stores of all

sorts. In houses they concealed themselves during the da}^ under

heavy pieces of furniture and in closets. Frequently they were found

in large numbers in the basement. Seemingly they sought the base-

ment not only to find suitable hiding places but also to get away from
the heat. In the dwelling houses and dry goods stores they cut cur-

tains, clothing, and fabrics. In two instances at Manhattan they

seriously injured rubber goods stored in the basement.

After a few experiments it was found that the most practical and
effective method of destroying them was to distribute poisoned bran
mash prepared in the following manner:

Bran • 1 lb.

Paris green 1 oz.

Syrup 3 oz.

Orange or lemon i of a fruit

Water 1| pts.

Here, again, the bait when flavored with orange or lemon seemed
not only more attractive but also more appetizing and thus was readily

eaten by the crickets. Small amounts of the bran mash were put in

shallow pans or dishes and placed in the closets, behind and under
heavy pieces of furniture, in the basement or any place frequented by
the crickets. In thd basement the bait was also placed in teaspoonful

lots in the corners, behind boxes and other hiding places. The crickets,

like the grasshoppers, do not eat the poisoned mash so readily when it

is dry, thus it should be distributed in the evening because the crickets

work mostly at night.
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Mr. W. E. Britton: I would like to ask Mr. Dean if he tried

this on cutworms?

Mr. George A. Dean: The variegated cutworm, the outbreak

of which was discussed in my paper, is also one of the common garden

cutworms. Although we have not tried this poisoned bran mash for

the control of cutworms in gardens, we have tried the other bran mash
(not flavored with fruit juice) and it -proved fairly effective. Since

the bran mash proved so effective in the control of the variegated

cutworm in the alfalfa fields, I can think of no reasons why it would not

also be effective in destroying the cutworms in gardens.

Mr. E. 0. G. Kelly: I would like to ask if the insects prefer

the poisoned bran over the crop they are attacking?

Mr. George A. Dean: Yes, in many of our experiments we
have found this to be true. I am sorry I neglected to bring the slides,

which I had intended to bring and which would have illustrated this

very distinctly. For instance, on one side of the bran mash barrier

the rows of corn, about eighty rods long, and at that time the plants

about fifteen inches high, stand absolutely uninjured, while on the

other side of the barrier the corn is completely taken. In the case of

grasshoppers we have found that they would leave the alfalfa and

take the bran. In the case of army worms in alfalfa, as stated in my
paper, we recommended the cutting of the alfalfa and then poison

the worms as they migrate. In most of our work the alfalfa was

either ready to cut or had been cut. Personally, I would not advise

the scattering of it in alfalfa fields where the crop o" plants are large.

First cut the alfalfa and then distribute the bran mash.

Mr. Wilmon Newell: In Texas we have used this mixture

extensively the past year in the case of local grasshopper outbreaks

and the results have been uniformly satisfactory. In one case we
distributed the poisoned bran mash in a field of green oats that were

just heading. The grasshoppers preferred it to the green oats and

the crop of oat hay was saved. It was impossible to cut the oats and

apply the mash afterwards for the weather was too wet. Its use in

this case saved the entire crop.

Mr. H. a. Surface: Any effects of poisoning native birds or

domestic animals from its use?

Mr. George A. Dean: I will state that in all of our distributing

of the poisoned bran mash we have yet to hear of any authentic case

of poisoning any barnyard fowl or domestic animal in any way, shape

or manner. We have noticed bees about it, but in no case have we

found them dying. No birds have been killed. Professor Dyche,

of the Kansas University, who is Fish and Game Warden of Kansas,

with headquarters in the part of the state where the bran mash was
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distributed last year in the control of grasshoppers, has to my knowl-

edge, found no instance of it killing birds. Of course, if it were placed

out in handful lots, as was formerly recommended, there probably

would be no question about it killing birds, but when the mash is

distributed in such a manner that twenty pounds will cover five acres,

there is absolutely no danger. We have had chickens, turkeys, and

hogs following right after us while sowing it in alfalfa fields. They
do not get enough to harm them.

Mk. W. C. O^Kane: If army worms are feeding in corn say two

or three feet high, of course during the da3rtime they are often curled

up in what is left of the leaves of the corn. Suppose you have six or

eight or ten army worms per stalk of corn, as I think we had, and they

were.down in these unfolding leaves, would it be necessary either to

get the poisoned bran mash down into these leaves or to get some On

the stem or stalk of the corn?

Mr. George A. Dean: In most of our work the corn was not

nearly so high as you mention in your case. If the corn were fairly

large we tried to sow the bran mash so that some of it not only fell

down in the curl, but also lodged on the blades, and in many cases the

worms ceased at once to eat the corn and ate the bran mash. We
also noticed in many cases that where the bran mash was scattered

along the base of the plant they would leave the corn and eat the

poisoned bait. This corn was not very high. If the corn were large

and you could not get the particles of bran mash on it conveniently,

I would sow it on the ground along the row so that they would find it

when they moved on to another plant.

Mr. E. p. Felt: Do you consider it safe to sow the poisoned bran

mash in fairly liberal quantities so that it will drop down in the leaves

of the corn?

Mr. George A. Dean: I have no data on this at all. I simply

know that our corn was so small that there was absolutely no danger,

and I believe this will be true in any case where the corn is not over two
feet high. If the corn were large, say in the silk, there might be, in

case the bran mash were sown rather liberally, some danger, if enough

of it lodged down in behind the blades, of it proving harmful in case

the corn were used for feed.

Mr. W. S. Regan: During the past summer we had a rather seri-

ous outbreak of the army worm in eastern Massachusetts. We used

bran mash to kill the worms and we did hear of some cases where

birds were killed by the bran mash. I know of one case where a farmer

reported having found 11 blackbirds after he had scattered the bran

mash over the fields; it also killed some of his chickens and turkeys. I

did not see these.

5
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Me. George A. Dean: Did he scatter it as thin as twenty pounds

to five acres?

Mr. W. S. Regan: Yes. He used only about ten pounds for a

trial and this amount was scattered over an area of several acres ac-

cording to his statement. I could hardly believe anything else could

be responsible for it under the conditions.

Mr. George A. Dean: In our work we often receive reports of it

killing chickens and turkeys. We have taken the trouble in several

cases to investigate these reports but in no case have we found any

evidence of arsenical poisoning. In several cases where the fowls were

dead, death seemingly was due to eating too many of the hoppers.

The hind legs of the hoppers had caused a stoppage and apparently

death was due to inflammation. It is nothing uncommon to lose a

number of young turkeys if they are allowed to gorge themselves on

grasshoppers. A young turkey, like some other animals, when it finds

something good to eat hasn't any more sense than to eat too much. If

barnyard fowls are obliged to run down the grasshoppers they are not

so apt to gorge themselves, but if they find large numbers of dying

grasshoppers in under trees or in shady places they are very apt to

overload in feeding on them. As stated before, if a person uses a

little judgment in the distribution of the bran mash, there is no danger

of it injuring birds or barnyard fowls. I might state that Kansas

stands very high in the number of species of birds, and after distribut-

ing almost a thousand tons of bran mash, as w^e did in the summer of

1913, it would seem that if birds were eating a sufficient amount of the

bran mash to kill them, we would have at least a few cases to report.

President H. T. Fernald: The State Ornithologist of Massachu-

setts looked into some reported cases in Massachusetts and was satis-

fied that the birds were killed by eating the mash—though how thor-

oughly he investigated I cannot say.

Mr. E. G. TitI'S: A few years ago we had occasion to take up the

question of chickens dying in an orchard where poisoned bran mash
had been used. On opening their stomachs, none of the bran mash
was found, but in every case they were filled with grasshoppers, and

it appeared that they had died by being choked with excessive num-
bers of these insects. We also found on examination that no injury

resulted to sparrows in sections where the poisoned mash was used.

A Member : I would like to say that a careful observer in Michigan

reports that birds will not touch poisoned bran if orange or lemon

juice is used in it.

Mr. W. S. Regan: We had very good success with barriers to pre-

vent the migration of the army worm caterpillars. First, the plowed

furrow retarded their advance. Powdered air-slaked lime dusted
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heavily along the furrow aided materially in checking them. We
noticed that the caterpillars were not inchned to pass through the lime,

turning about and getting out of it as soon as they came in contact

with it. Poisoned bran mash scattered along the furrow killed prac-

tically every caterpillar. Ordinary road oil also proved an effective

barrier. It was applied with a garden watering-can, the spraying top

of which had been removed, making a strip a couple of inches wide

about the field to be protected.

Mr. T.J. Headlee : Three-fourths of the damage done last summer

in New Jersey by army worms occurred in lawns. Generally over the

state and especially along the shore, lawns were so eaten that they

turned brown and seemed dead. Arsenate of lead (dry and wet) poi-

soned bran mash (without fruit juice) were used, with only partial suc-

cess. Mr. W. B. Duryee, Jr., the farm demonstration agent in Mon-
mouth County, devised a scheme which worked better than any other

tried. Shallow ditches were dug along paved walks, walls and building

foundations. Finely pulverized lime was dusted lightly over the

infested lawns, taking care to keep the ditches free from it. The
following morning the worms were foimd collected in the ditches and

were destroyed by sprinkling them with gasoline. The gasoline was

used instead of kerosene because it left no undesirable stain upon the

walks, walls and foundations. In nearly all cases a single treatment

proved sufficient to free the infested lawn from further trouble.

For general field crops and garden infestation barriers have again

demonstrated their value over poisons. The trench 12 inches deep

and 8 inches wide with 6-8 inch-deep post holes along its bottom at

distances of from 10 to 20 feet was completely effective, the worms
collecting in the holes and being destroyed by crushing or by sprinkling

them with kerosene. It was also found that the ordinary oil treatment

accorded to macadam roads when freshly applied rendered the road

a complete barrier. Advantage of this discovery was taken to protect

threatened truck fields.

President H. T. Fernald: The next paper will be read by Mr.

E. P. Felt.

GRASSHOPPER CONTROL IN NEW YORK STATE

By E. P. Felt, Albany, N. Y.

New York State suffered last summer from an almost unprecedented

grasshopper outbreak, the injury being confined largely to the sandy

areas bordering the Adirondacks and extending from Poland, Herki-

mer County, through Fulton and Saratoga counties north to Warren
and Clinton counties. Melanoplus atlanis Riley was the principal.
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offender, though Melmioplus femoratus Burm., Camnula p.ellucida

Scudd. and Dissosteira Carolina Linn, were also present and in some
localities rather abundant, this being particularly true of Camnula at

Wells. The outbreak was a cuhnination of one or more years of grass-

hopper abundance which seemed to be greatly favored by unusually

dry weather in May and June, while the pests were in immature stages.

The limitation of the outbreak to sandy, especially wild or semiwild

areas was very evident, and although there was some drifting of the

grasshoppers with the wind from field to field, in general the pests were

local in habit. Injurj. to buckwheat was quite characteristic in that

the young grasshoppers invaded the fields from the grassy or bushy
fence rows and destroyed all of the grain for a variable distance of one

to three, and in some cases ten rods, the middle portion of the field

being almost uninjured and comparatively free from the pests. A
noteworthy feature was the abundance of grasshoppers in the cities

of Gloversville, Saratoga and Glens Falls, in particular, especially the

first named. There were times when the insects were so numerous
that they were swept from the sidewalks and it was by no means
uncommon to see 15 to 25 or more on a limited portion of the outside

of a building or a fence. Complaints began to be received in early

June and by the middle of July the outbreak was at its height.

Throughout the region there was a general feeling that it was com-

paratively useless for the individual to take up what seemed to be a

\ery uneven conflict. With the abo\ e conditions in mind a large scale

demonstration was started July 18 ^y the entomologist, in cooperation

with agents of the State Department of Agriculture. The Kansas

bait used so successfully elsewhere last year was employed and the

mixture distributed over a badly and uniformly infested twenty-acre

oat field, beginning about 10.30 in the morning, a good handful of the

bait as sown covering approximately two hundred square feet. The
distribution was so extended that one had to look closely in order to

find the bait. Observations showed that many grasshoppers began

to feed upon it within three or five minutes, and in some instances they

seem^ed to drop from the oats, probably being attracted by the smell

and^ gradually make their way to small particles of the mash. About

four hours after the first application a few sick grasshoppers were

observed here and there. At 6.30 the next afternoon, less than thirty-

six hours after the beginning of the treatment, three-fourths of the

grasshoppers in the field were dead or dying, 12 to 14 dead insects

being easily found on a square foot and frequently six or seven were

seen collected in small crevices as many inches long. Three days

after the application it was estimated that about four-fifths of the

grasshoppers were dead, 67 being found in one square foot and an
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average square yard contained 26 dead grasshoppers, another one 64.

Five days after the bait was distributed, sick grasshoppers were still

to be seen, though there had been a heavy two-hour rain the day before

and the eJQ&ciency of the mash was therefore probably decreased. The

next day it was estimated that over .9 of all the grasshoppers originally

in the field had been destroyed, and at the end of a ten-day period the

fatalities approached 99 per cent. The cost of the materials was

estimated at 13 cents per acre. Observations lead us to believe that

the wider the distribution the more effective the results. This poison

was not only tested in fields where grasshoppers were abundant and

consequently had destroyed much of the more succulent vegetation,

such as the new seeding and the younger leaves of the grain, but it was

also used in several oat fields where there had been practically no

injury and the new seeding was therefore thrifty and luscious. Even
under such apparently adverse conditions, so far as efficiency of the

poison is concerned, the insects freely ate the poisoned bait and suc-

cumbed before they were able to cause any material injury. The
Criddle mixture was used by some farmers with, almost equally good

results though it is not nearly so easy to prepare. The experience of

last summer also showed the advisability of protecting the nostrils

with a moistened sponge and the avoiding of the poisoned du^t so far

as practical in the case of parties who are required to mix large v-^uanti-

ties of the poison. There is a source of danger here which should be

safeguarded against at the outset, otherwise serious results might

follow.

We were unable to learn of any deleterious effects resulting from the

use of this material when, ordinary precautions were observed. The
moist sweetened bran is very attractive to domestic animals and

therefore great care should be exercised to prevent their gaining access

to containers used for mixing or distributing the material. We dis-

tinctly ad\ise against putting out the poison in small spoonfuls or

masses, partly because there is greater danger of poisoning domestic

animals, and also on account of the increased efficiency accompanying

a sparse distribution. Undermost conditions we would expect prac-

tical immunity from grasshopper injury following one application of

the bait, even though the grasshoppers were allowed to remain unmo-
lested in badly infested adjacent fields.

Mr. S. J. Hunter: Regarding the effects on the nostrils of the

workers, it appears that Dr. Felt has found it about the same as we
have in the west, where mixing such large quantities, our workers found

it desirable to use gasohne propelled cement mixers. When issued,
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however, to the farmers, the requisite amount of Paris Gre^n was put

in the center of each sack, and the farmer instructed to mix according

to directions when he reached home.

President H. T. Fernald: The next paper will be read by Mr.
Wilmon Newell.

NOTES ON THE INSECT ENEMIES OF SUDAN GRASS

By Wilmon Xewell, College Station, Texas

As Sudan grass ^ has, through the pubhcity given it by the Bureau
of Plant Industry, U. S. D. A., and the Texas Experiment Station,

become a forage crop of much importance in Texas and the Southwest,

mention of some of the insects attacking it may be considered timely.

The insect enemies of this crop thus far observed are not new to

entomologists, but are comprised of insects which are already quite

well known on account of their ravages on other crops.

The Sorghum Midge

First in importance is the sorghum midge, Contarinia (Diplosis)

sorghicola Coq., on account of its destruction of the seed before maturity.

This Cecidomyid is well known on account of its attacks on sorghum,

milo maize and related crops, there being many localities in the South

where the midge entirely prevents the maturing of seed. It attacks

Sudan grass with equal facility and, while not injuring the crop so far

as forage is concerned, it makes the production of seed well-nigh impos-

sible in heavily infested sections. Inasmuch as the seed has thus far

sold at prices varying from SI.00 to $1.50 per pound, the monetary

loss is very considerable.

The sorghum midge is essentially an insect of humid sections and

in localities of heavy annual rainfall, as in southern Louisiana and

Mississippi and in the southeastern portion of Texas, it seems improb-

able that Sudan grass seed will ever be produced successfully.

In Texas the extent of damage appears to vary considerabty with

the seasons. The only portion of the state entirely exempt from the

midge is the western part where the annual rainfall is usually less than

25 inches.

During the past two years Sudan grass has been grown, not only at

the main Experiment Station at College Station, but also at each of

the eleven sub-stations and this has given us a good general knowledge

^ Andropogon sorghum, var. Recently described by Prof. C. V. Piper, of the

Bureau of Plant Industry, as variety sudanensis.



April, '15] NEWELL: SUDAN GRASS INSECTS 231

of the distribution and abundance of the insect. The following table

shows the location of these stations, the annual rainfall and the esti-

mated damage to the Sudan seed crop during the past two seasons

:

Raiotall and Injury to Sudan Grass Seed

Station

Average

Annual Rainfall

Estimated Damage to Seed Crop,

Sudan Grass

Length of

Record, Years
Inches 1913 1914

Angleton IS AQ lUU/o 90 /o^

7 DU/o iUU /o

g A'i 7Q±0 . /y iUU/o lUU /o

Beaumont 20 42.654 20% 100%

24 37.874 40% 95%2

Chillicothe 8 33.64 None None

Temple ."

28 33. 36* None 50%

1 33.14 15% 50%

Beeville 18 30.054 None 50%

Lubbock 21.74 None None

Spur 3- 18.40 None None

4 7.93 None Non?

1 U. S. Weather Bureau record at Alvin, 20 miles from Angleton.

* A small seed crop produced very late in the season.

2 U. S. Weather Bureau record at Lufkin, 15 miles from Nacogdoches.
* U. S. Weather Bureau record.

This table shows that localities having an average annual rainfall

of 35 inches or more have experienced almost total destruction of the

seed crop for the past two years, whereas localities with an average
rainfall of about 25 inches or less have been exempt from damage.
Between these two extremes, i. e., in localities where the average rain-

fall is between 25 and 35 inches, the amount of damage has been highly

variable.

Sufficient data are not yet at hand to permit of any positive correla-

tion between local cUmatic conditions and the extent of midge injury.

However, it appears in general that, the greater the precipitation

during the spring and early summer months, the greater is the damage
by the midge. This is indicated by the data following:
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Spring and Summer Precipitation and Midge Injitrt

1913 1914

Station

Rainfall, May, June

and July, Inches

Damage by

Midge

Rainfall, May,

June Siiid July

Inches

Damage by

Midge

Beaumont 9.66 20% 32.64 100%

College Station 4.03 40% 9.45 95%

5.02 None 16.02 50%

8.44 15% 4.77 50%

Beeville 5.45 None 12.62 50%

As pointed out by Dean,^ the only remedial measures thus far evi-

dent consist in clean harvesting, the complete destruction of Johnson

grass and possibly the fumigation of seed to kill the hibernating larvae.

Johnson grass is a favorite host plant of the midge, its seed heads

afford protection to the midge larvae and its early heading in the

spring gives opportunity for a generation of midges to be produced in

advance of the heading of cultivated crops.

Sudan grass, in the latitude of central Texas, would produce two and

sometimes three, seed crops per season were it not for the midge, but

in seasons of heavy infestation there only remains the possibility of

securing a very late crop of seed at a time when the parasitism of the

midge is high. Thus at both College Station and Angleton in 1914,

a partial late crop of seed was secured, though earlier crops of the seed

were entirely destroyed.

The Conchuela

Strangely enough, the area which is too dry for the sorghum midge

is the one in which the conchuela, Pentatovia ligata Say, reaches its

greatest abundance. While this plant-bug is a general feeder, attack-

ing cotton, small grains, alfalfa, foliage of trees, garden vegetables,

etc., it is particularly avaricious in its attack on all members of the

sorghum family. In Loving County during the past season it even

prevented, to a large extent, the seed production of Johnson grass.

Thus far large areas of Sudan grass have not been grown in the localities

where the conchuela is at present abundant, but, owing to its fondness

for all other members of the sorghum family, there seems little doubt

that it will prove to be a serious obstacle to the extended cultivation

of Sudan grass in the semi-arid sections.

1 Bui. 85, Part IV, p. 58, Bureau of Entomology.
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One of our correspondents, Mr. A. S. Whitten, of Porterville, Texas,

has observed these insects hibernating in piles of wood, weeds and

trash generally. The method of hibernation would suggest, as reme-

dial measures, the early deep ploT\dng of infested fields and a thorough

winter cleaning up and burning of all rubbish affording hibernating

quarters for the insect. MorrilP also recommends the destruction of

all mesquite trees in the- vicinity of infested fields, as the mesquite is

one of the favorite native host plants of the insect.

The Angoumois Geain Moth

The Angoumois grain moth, Sitotroga cerealella Oliv., readily infests

the seed of Sudan grass both in the field and in storage. During

September and October, 1914, the moths were noted in great abun-

dance among the heads of the uncut grass at Robstown, Texas, as well

as in the shocks of harvested grain awaiting threshing. During the

w^armer days of November, also, they were abundant around the bins

in which the seed had been stored.

Fortunately, Sudan grass seed shows a high resistance to injury by

carbon bisulphide. In experiments which we have made to determine

whether its germinating power might be affected by heavy fumigation

it was found that as much as 15 lbs. to the 1000 cubic feet of bisulphide,

confined for 12 hours, did not affect germination. In some instances

the fumigation even appeared to stimulate germination of the seed.

The germination tests were made in seed testers, both immediately

after the fumigation and again nine weeks later. The results of a few

of these fumigations are given in the table below:

Germination op Sudan Grass Seed Fumigated with Carbon Bisulphide at Different Strengths

Date of Fumigation
Amount of CS.>

per 1000 Cubic Feet

Per Cent of Germination,

Sept. 5-10

Per Cent of Germination
,

Nov. 16-20

Sept. 1-0 lib. 91 90

Sept. 1-0 3 lbs. 88 90

Sept. 1-0 5 lbs. 97 91

Sept. 1-0 8 lbs. 83 94

Sept. 1-0 10 lbs. 91 91

Sept. 1-0 15 lbs. 86 78

(Not fumigated) Check No. 1 86 83

(Not fumigated) Check No. 2 88 83

^ Bui. 89, Bureau of Entomology.



234 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 8

Other Insects

Like other grasses and small grains, Sudan grass is subject to attack

by grasshoppers, cutworms, army worms, grub worms, etc. It is

also to be expected that the stored seed will be found subject to attack

by the usual seed-infesting insects, such as the saw-toothed grain-

beetle, the granary and rice weevils, etc., but instances of such infesta-

tion have not yet come to our attention.

President H. T. Fernald: The next paper will be presented by
Mr. S. J. Hunter.

SOME ECONOMIC RESULTS OF THE YEAR

Bees and Poison Bran Mash; Army Worms; Intermittent

Seasonal Spraying

By S. J. Hunter, University of Kansas, Lawrence

To economize time, it has seemed desirable to summarize some of the

economic work of the year under the one general head, rather than to

present the same in several papers.

In the conduct of any field campaign, objections to some feature,

as every entomologist knows, are likely to be raised, and these objec-

tions, to secure the undivided support of all concerned, have to be

met.

Objections regarding the danger to stock through the use of arseni-

cal poisons are of common occurrence. Two years ago, during the ex-

tensive use of the poison bran mash against the native grasshoppers,

the question was frequently asked as to what effect the poison would

have on bees, when distributed through a large alfalfa field where bees

from large apiaries were at work. Last summer, Professor Caesar, of

Ontario, wrote me that similar inquiries came to him from Apiarists.

Under date of July 24, last. Professor Caesar writes:

The bee-keepers of Ontario are alarmed at the supposed danger to the bees which

they believe attends the use of your remedy for grasshoppers. I have used this

remedy this year and saw no bees feeding on it. It has given good satisfaction as a

treatment for grasshoppers. I should, however, be very pleased if you would kindly

let me hear, as soon as possible, whether bees have been poisoned by it to any extent

in Kansas. Sincerely,

(Signed) L. Caesar.

In order to satisfy ourselves even more fully on this subject, Mr.

George H. Vansell, our Apiary inspector, undertook a series of experi-

ments to determine whether the bees would feed at all on the poison

bran mash; and if so, under what circumstances, and with what results.
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First, to determine whether the bees would partake of the poison at

all, small piles were placed on the running board of the hives. Here,

the bees did not go out of their way to come to the piles, but those

which ran against it, stopped and began to lap up the mixture quite

greedily, sometimes starting off, to return to lap again. Such were

retained, and all died within three hours.

A number of bees were confined in a bell-jar with this poison. After

a time, the bees came down and sipped the mash contentedly; they

would then fly to the top of the jar, to return again for more of the

sweet mixture. All those confined in the bell-jar partook of the mash

and died; but on the running board of the hive, only 15 of those that

passed over it during an hour's observations stopped to taste it. When
the bran mash was scattered about a few feet from the hive, not a

single bee halted to taste the substance.

Second, the bran mash was distributed in a sweet-clover patch

where bees were unusually abundant and not one was observed feeding,

or in anyway being drawn toward the mixture. It was also distributed

freely among rotting peaches on the ground where bees were feeding

in large numbers, with similar results.

Last year, the poison was placed around in small piles among api-

aries of 38 stands of bees and the honey systematically, taken from the

stands. This usually makes bees more active in feeding. Even under

these conditions, but a single bee was observed feeding on the mash.

These attempts at feeding the poison bran mash to the bees were re-

peated morning, noon and night, and no evidences were observed which

would tend to show that there was any appreciable danger to the bees

from the distribution of this poison.

Furthermore, against the insects for which this poison is used, it is

most effective when scattered early in the morning or late in the even-

ing. Before the working hours of the bees began, the poison would,

then, be too dry for them to feed upon.

From this it would appear that when the poison mash confronts

the bees, they will partake of it and perish; but, that the use of the

mash in field work is not attended by danger to bees.

Another common inquiry is the effect of this poison upon chickens.

One series of experiments carried on in a ten-acre truck patch, com-

posed of onions, rhubarb, asparagus, sweet-potatoes and tomatoes,

will serve as an answer. This plot, located in Gray county, near Cim-
meron, attracted grasshoppers from all the adjoining fields. The
poison bran mash was scattered over this patch two or three times

every week, in order to kill the hoppers as fast as they came in. The
owner likewise used his chickens, about 500 in number. These were

distributed in coops over the whole garden every morning, and no

chickens, whether large or small, were poisoned.
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There seemed to be some evidence, however, to show that turkeys

are likely to be poisoned; due, probably, to their habit of eating large

quantities of the dead and dying poisoned grasshoppers.

Further experiments will be necessary before we can speak con-

clusively upon this point.

Akmy Worms

The past season there were a number of local outbreaks of Army
worms. The most effective means found for their extermination was

the liberal use of the bran mash poison, scattered in the evening. The
worms will often leave garden vegetation for the poison, and in our

experiments, they were frequently observed turning back in their

course to get this poison.

I
By actual yard-square counts, one application, in some instances,

destroyed 90 per cent, of the worms. Death usually ensued about

one hour after the feeding had begun.

Intermittent Seasonal Spraying

Among our commercial orchardists, it is universally accepted that

intelligent spraying is necessary to profitable returns. Among the

smaller orchardists, however, the question frequently arises regarding

the necessity for annual spraying. That is, sometimes there is a

notion that in an orchard where injurious insects and plant diseases

have been well controlled for some years, an.intermission of one year's

time succeeding such spraying would not permit such enemies of the

apple to become sufficiently prevalent to materially affect the crop.

Last season an unusually good opportunity was offered to secure a

practical answer to this question. That is, to determine what bene-

ficial effects, if any, would accrue to an orchard this year, from three

years' proper spraying prior to the present one. In other words, to

determine whether an orchard, successfully sprayed for three years,

could be profitably permitted to go unsprayed this year.

The orchard selected was a ten-acre orchard of commercial varieties

which had been successfully sprayed for the three years past. Last

year, and the year before, this orchard showed less than 5 per cent

injury due to injurious insects and plant diseases. In this ten-acre

orchard this year, two representative trees for each of the following

varieties were chosen: Ben Davis, Gano, Jonathan, Black Twig, Mis-

souri Pippin, Wine Sap and Willow Twig. The set of the fruit on these

trees compared very favorably with that of the three previous years.

Monthly counts, beginning with the first week in each month of the

months of June, July, August and September were made of the drops

from these trees, to determine the cause of the fall of the apples.
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This was the same sj^stem that had been followed for the three

previous years. These apples were scored and tabulated under the

various injurious insects and plant diseases common to the apple.

Of the entire 26,244 collected throughout the entire season, there were

218, or 1.5 per cent sound apples. The remaining 98.5 per cent had

been checked in their growth and development by an injurious insect

or plant disease, or by the two combined. Of those which dropped

prematurely, the small percentage of sound apples might have their

fall attributed to the vdnd.

The accompanying table illustrates this work in detail.

Summary of Apple 'Counts of Intermittent Seasonal Spraying

June July Aug. Sept. Per

9 and 10 8 and 9 4 and 5 2 and 3 cent.

1,526 1,845 2,940 2, 659 46.3

Codling moth and bitter rot 274 945 3,346 23.9

Codling moth, bitter rot and curculio 3 152 556 3.6

Codling moth and blotch 12 508 450 4.9

Codling moth and curculio 18 755 1,296 10.6

Codling moth, blotch and curculio . 53 12 .34

Curculio 496 60 100 259 4.63

Curculio and bitter rot 8 55 5 .34

Blotch 15 307 1.64

Blotch and curculio 38 240 1.42

Railroad worm 5 30 .15

Bitter rot 13 16 11 .20

Scab 7 5 .04

CodHng moth and railroad worm . . 13 .06

Sound apples 218 30 42 1.5

Thinning drop 6,833

Codling moth and scab 47 .24

Codling moth, bitter rot and blotch 32 .12

Total 8,855 2,510 5,628 9,251 100%
Sum total 26,244

The question naturally arises, ''What of the marketable apples"?

Referring back to the last year's record for these same varieties, the

smallest average yield per tree was one and one-half barrels of sound

marketable fruit, in size, two and one-half inches, or better. This

year, from these same trees, the number of apples still remaining at

picking time averaged thirty-five to the tree, most of which were be-

low market size. Obviously, no count or tabulation of these would

serve any purpose. The climatic conditions this year were better

than the two previous years; the only features absent this year were

spraying and cultivation.

The above condition represents the situation in this orchard at
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picking time. The loss was greater than might reasonably have been

expected. The orchard is remote from any unsprayed orchard and the

ground was left last season practically free from apples.

The conclusion, naturally, is that the orchardist can no more reason-

ably expect an apple crop without intelligent cultivation and spraying

than can the farmer expect a corn crop without proper and intelligent

planting and cultivation.

President H. T. Fernald: The next paper will be read by Mr.
H. A. Surface.

EFFICIENCY OF PARASITES OF THE SAN JOSE SCALE

By H. A. Surface, Harrishurg, Pa.

(Withdrawn for publication elsewhere)

Mr. Francis Windle : Through my inspections several years ago I

noticed the operations of some predacious insects, as well as parasites,

upon the San Jose scale, and when inspecting in Adams County, prob-

ably a year ago, it was a very difficult matter to find any live San Jose

scale,, although there was evidence of many trees that had never been

sprayed having been badly infested. Two or three years previous to

this I had reported the operations of parasites on the scale in my own
county of Chester, and noticed the gradual disappearance of the scale.

Not only in Adams and Chester Counties, but in Bucks and Berks

Counties, I found the same conditions.

Mr. D. G. Tower: About a year ago while collecting parasites

of the native scales at Amherst, this parasite was found in abundance.

Dr. L. O. Howard kindly determined it as a new species and accordingly

a description was published. Since then notes on its life history

have also been published. Dr. Fernald announced that no hyper-

parasites had been found at Amherst and stated that parasites would

be sent to those desiring them. I am inclined to think that hyper-

parasitism, if such is the case, will not greatly hinder the work of

this parasite. Professor Parrott has shown that this parasite is the

dominant one in New York. While I do not expect to see the scale

cleaned up in a single case by this parasite, still in unsprayed or in

orchards impracticable to spray, on ornamental shrubs and in forests^

I think the work of this parasite will be of considerable value.
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Secretary A. F. Burgess: I would like to say a word in connec-

tion with the acceptance, without a great deal of consideration, of

statements made by the average fruit-grower or person who is not a

specialist in parasitic work on the results of introducing parasites.

We have had considerable experience along this line on the gipsy

and brown-tail moth work in New England, and we find that a great

many people who know these pests thoroughly do not understand

about the parasitic species introduced or the results that may be

expected. They anticipate quick and immediate results whenever

parasites are liberated, and if there is a decrease in numbers of the

pests concerned, they immediate^ attribute this to colonization of

parasites.

I am not speaking in regard to the parasites of the San Jose scale be-

cause we have had no experience with these but we are satisfied that the

average farmer and fruit-grower, or other man, who has infested trees,

is very apt to lay too much stress on the colonization of a parasite

in his orchard or woodland if there is any decrease in the severity of

the infestation.

Mr. W. E. Britton: Perhaps Mr. Tower or someone else can

give us an idea of the natural distribution of the parasites under

consideration.

Mr. D. G. Tower: I have found the parasite in numerous places

in Massachusetts and on the Capitol grounds Q)t Washington, D. C.

Specimens have been sent to me from Connecticut by Dr. Britton

and from New York by Dr. Felt and Professor Parrott. Professor

Surface has found it in many places in Pennsylvania. Specimens

have been sent to Dr. Forbes in Ilhnois to start a colony there and
I have attempted to start one at Lafayette, Indiana. Whether this

last has been successful or not cannot be stated at this time. It is

my opinion that in order to secure accurate data on the amount of

parasitism, the scales should be examined for eggs, larvae and pupae

of the parasite as well as a count of the exit holes made. The per-

centage of parasitism of the scales examined at Amherst would average,

I think, from 75 to 85 per cent and it was evident that the parasite

was doing good work. As regards the life-cycle of the parasite, it

apparently coincides with that of the scale, in the majority of cases

emerging from mature second stage female scales. The reason for

some emerging from immature third stage female scales I have en-

deavored to explain in my recent paper.

President H. T. Fernald: The next paper will be read by Mr.

C. L. Metcalf.
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A MECHANICAL MEASURE FOR CONTROLLING THE FLEA-
BEETLE (EPITRIX FUSCULA) ON POTATO.^

By C. L. Metcalf, Ohio Siaie University, Columbus, Ohio

The difficulty of controlling flea-beetles with the known insecticides

is generally appreciated. In North Carolina we tried a varietj' of

materials without finding anj^ really satisfactorj?- insecticide. This

fact and the well-known habit of these insects of jumping vigorously

at the slightest disturbance, suggested to the writer that their eco-

nomic control might be achieved by some method of trapping.

In 19I3 a crude trap (PI. 10, fig. 1) was improvised from a store box

by cutting out one end, a part of the bottom and of the other end.

The inside was covered with a thin coat of tree tanglefoot; and the

box carried along the rows by the upright handles, so that the vines

passed through the box from one end to the other. After covering

one-fortieth of an acre of potatoes, moderately infested, a count

showed 370 flea-beetles entangled in the trap. After covering one-

fifth of an acre in the same way, 2,335 flea-beetles were counted in the

tanglefoot. This was disposing of flea-beetles at the rate of 10,000

to 15,000 per acre, as rapidly as two men could walk along the rows.

A modification of the handle of the box so that one man could manip-

ulate it was the most needed improvement. It was noticed at once

that most of the beetles were caught on the lower part of the box,

especiall}^ on the pieces (PL 10 fig. 2, A, A) . It is, therefore, desirable

to have these pieces extend inward as far as possible. It was also

considered of some advantage to have a box mder in front than behind

so that it might surround the vines before the insects became much
disturbed. The opening at the rear (PL 10, fig. 2 B,) should be small

to thoroughly disturb the vines as they pass. Two and a half to

three feet seemed to be the best length for the box, while it should be

just high enough and wide enough to cover the plants.

The leaves from the plants accumulated on the sides and back of

the box; so a sj'-stem of wires was devised running from the front to

the opening at the rear. (See Plate 10, fig. 2). This effectualh^ pre-

vented the leaves from touching the stick}' surface T\dthout affecting

the efficienc}^ of the trap. In order to facilitate the renewal of the

tanglefoot surface, the mres were fastened in front to three wooden

strips (PL 10, fig. 2, C, C, C) which in turn were attached to the box

vnih. thumb screws and so could easily be removed. It is believed to

be essential for the highest efficiency that the trap precede the operator

so that there is no disturbance of the' vines until they are covered by

the box.

1 This work was carried on under the direction of J\Ir. Franklin Sherman, Jr.,

State Entomologist, Raleigh, N. C, to whom I am indebted for permission to pub-

lish it.
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With these points in mind a trap was devised in 1914 to run on

light wheels (PI. 10, fig. 3) in order to reduce the labor to a min-

imum. A pair of light springs should be fastened to the front of the

box (PI. 10, fig. 2, D, D) to prevent it from dipping into the soil,

since otherwise a portion of the tanglefoot soon becomes covered with

dust. This arrangement works nicely on even ground; but carrying

the trap will probably be found to be more efficient. A count of the

number of beetles caught b}^ this trap showed 1,357 as a result of

covering one-twentieth acre, which is at the rate of over 25,000 per

acre.^

The expense involved in the use of such a trap should be moderate.

A simple trap can be made by anyone in a few minutes. It is largely

a matter of adapting the box to the size of the plants to be treated.

When the sticky surface becomes matted over it may be renewed

a time or two by scratching it with a wire comb or brush. Warming
the tanglefoot made it easier to apph^ a thin even coat.

The ordinar}^ routine spraying of potatoes will control the flea-

beetles to some extent. However, from these preliminary experi-

ments the apparatus described is believed to have a place in cases of

severe infestation; and in caring for small areas of various garden

crops which are attacked by one or another species of flea-beetle.

Mr. T. J. Headlee: I would like to know whether these experi-

ments have been tried on a large scale throughout the season for the

purpose of determining whether potatoes can be protected in this way?
Mr. C. L. Metcalf: We had in mind to do this but the infestation

of flea-beetles in North Carohna was 250 miles from our headquarters,

and we found it absolutely impossible to use this trap at frequent

intervals throughout the season. I am therefore unable to say but

I see no reason why it might not.

Vice-President Glenn W. Herrick: How often did the trap

have to be coated inside?

Mr. C. L. Metcalf: That would vary greatly with conditions.

We could cover as much as half an acre or an acre and then by scratch-

ing the surface slightly go on for a quarter of an acre farther perhaps.

It would need to be removed altogether from five to perhaps ten or

a dozen times in the course of a day.

President H. T. Fernald: If there is no further discussion, we
will now adjourn.

Session adjourned at 5.30 p. m.

^Incidentally a species of leaf-hopper (Empoasca mali) was taken at the rate of

about 40,000 per acre.

6



242 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 8

Morning Session, Thursday, December 31, 1914, 9.00 a. m.

President H. T. Fernald: The first paper on the program will

be by Mr. J. M. Aldrich.

THE ECONOMIC RELATIONS OF THE SARCOPHAGIDiE

By J. M. Aldrich, Assistant in Cereal and Forage Insect Investigations,

Bureau of Entomology

The classification of this family has been until within a few years in

a very unsatisfactory condition throughout the world. However,
the study of the male genitalia has recently solved the problem in

Europe, and in that region the species of Sarcophaga are perhaps more
satisfactorily distinguished now than those of any other large Muscoid
group, although there is still much uncertainty as to where the limits

of the group lie. Mr. Parker's work on the American species, begin-

ning about two years ago, and my own beginning last winter, have

shown conclusively that the North American species yield to the

same treatment; while as yet we have no specific names for many
of the forms, it will be only a matter of a year or so until this will be

remedied. Meanwhile I wish to call attention to the larval habits of

a considerable number of bred species which have passed through

my hands for identification.

The notion that Sarcophagidse are flesh-flies'^ is derived from

Linnaeus and his predecessors, and is no doubt true as to the typical

species carnaria in Europe; but it is very misleading in our fauna.

Herms bred S. assidua and sarracenice from dead fish on the beach of

Lake Erie, and I have collected adults of the latter on dead fish on

the beach of Lake Michigan; Parker's new cooleyi feeds on dead fish

in Montana; I have also noted adults of another species on dead snails

along the banks of the lower Wabash River in Indiana. There is also

the classical case of the larvae of S. sarracenice, bred by Riley from the

contents of the cups of Sarracenia variolaris. Several records of feed-

ing in decomposing flesh of the warm-blooded animals, not 3^et pub-

lished were communicated to me very recently, but the principal ones

are from the far south (Texas).

The excrement of mammals furnishes a breeding-place for a con-

siderable series of species: S. assidua, cooleyi, hcemorrhoidalis, trivialis,

incerta and lamhens, and Ravinia communis, latisetosa, peniculata,

quadrisetosa and trivialis seem to be rather closely restricted to this

breeding habit; S. sarracenice and helicis, which have also been re-

ported, have other more common habits.

Parasitism on o-'"^'^^' Ar+hropods includes hy far the largest part of
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the records accumulated up to the present, and many of them are of

considerable interest. Schiner in his Fauna Austriaca expressed a

doubt whether the few recorded cases of his day might not be explained

as carrion-feeding, the insects having died before the eggs of the fly

were laid; and his doubt has curiously persisted and found frequent

expression almost to the present time. But the large number and

variety of the cases now^ known, many of them closely studied, permit

no further doubt that Sarcophagas are generally parasitic in their

habits. At least this is true with many of the species.

There are two records of rearing from scorpions, one from Sumatra

of an undetermined species, the other S. sternodontis from one in

Jamaica.

Egg-sacs of spiders furnish a nidus for davidsonii, reported only

from California.

The adult of Corydalis cornuta has been attacked by Sarcophaga

helicis, a series of bred flies with data being in the National Museum
collection, dating from Riley's time.

Grasshoppers have furnished a large amount of bred material in

several species: S. helicis, hiinteri, sarracenice, kellyi, and the species

heretofore erroneously known as dmbicis, are the ones most frequently

bred in the West; of these kellyi is undoubtedly the commonest one.

Mr. E. 0. G. Kelly, in the Journal of Agricultural Research for Sep-

tember 21, 1914, has described its egg-laying habit. The female darts

at the flying grasshopper and strikes it with enough force so that it

instantly drops to the ground, when the larva of the fly can be found

attached by a gluey secretion to the thorax or base of the wing. The
fly also deposits larvae on the quiescent, newly-moulted adult hopper

while it is hardening, this involving an instinct-stimulus quite different

from the other case.

A western species closely allied with erythrura of Europe has been

found abundantly about grasshoppers in Colorado; the female fly

has a fairly well-developed larvipositor, and presumably inserts its

young under the body wall of the hopper, though this has not been

observed. There is every reason to believe that in the arid west grass-

hoppers are normally kept within moderate numbers principally

through the agency of the Sarcophagid parasites. In the east these

are not so frequently reared; sinuata, sarracenice and helicis have been

reported. |
A specimen of Cicada tihicen was sent in to the Bureau of Ento-

mology in August, 1894, from Waterfield, Va.; it was dead when re-

ceived, and a number of dipterous larvae had emerged, from which
subsequently developed the ubiquitous S. helicis.

The question whether Sarcophagids are anything more than scaven-
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gers in relation to lepidopterous larvae and pupae is discussed by How-
ard and Fiske, Bull. 91, Bur. Ent., 1911, p. 250, where it is stated that

in imported gypsy moth material there have often been more Sarco-
*

phagid than tachinid puparia; notwithstanding this fact, absolute proof

that the Sarcophagid larvae invade living caterpillars is said to be lack-

ing. The same conclusion was reached hy Patterson (in Bull. 19.

Tech. ser., Bur. Ent., part 3, 1911) as far as the Gipsy Moth is con-

cerned; but he did not distinguish species at all in his experiments,

hence may have been using the common excrement-feeding Ravinia

communis when he attempted without success to induce the flies to

larviposit on living caterpillars. I can supply the missing proof in

one instance:—'living larvae of the Army Worm moth were brought

into the Bureau insectary at Lafayette last summer by Mr. J. J. Davis

and assistants, confined in breeding cages, and yielded 30 or more

adults of Sarcophaga helicis—more of these than of any Tachinid

parasites. Since the Sarcophagids have been seen to larviposit on

living grasshoppers, and as I shall show farther on, also upon living

beetles, it becomes easier to admit that they parasitize caterpillars.

The records include undetermined Sarcophagas attacking Alabama

argillacea, Acronycta ovata, and Phakellura hyalinitalis; S. helicis on

Loxostege sticticalis, Pieris and the Army Worm; hunteri on Army
worm, and even the Codling Moth; and amhlycoryphee on Amhlycory-

pha ohlongifolia.

The only record relating to Hymenoptera that I have found is that

of Sarcophaga (Boettcheria) cimbicis Townsend, of which the types

were bred from larvae of Cimhex americana. Other published records

for cimbicis are all due to misidentification, as I lately learned from

an examination of the types ; the species has been bred only once.

Sarcophagas have been bred several times from beetles, usually

from the adults.

On May 13, 1893, 34 adults of Lachnosterna arcuata were collected

in Washington and placed in a breeding cage. From these there

emerged several specimens of S. helicis, which matured in July.

On March 4, there were received in the Bureau living larvae of the

beetle, Dinapate wrightii, in a piece of palm trunk from Southern Cali-

fornia, sent in by H. G. Hubbard. Two adult beetles emerged in

July and August, and on September 2 there came out of one of these

adults several dipterous larvae, w^hich gave S. helicis on September

11.

On September 13, 1894, two specimens of the same fly issued in a

jar which had contained larvae of Calosoma sp.

In the summer of 1914, Mr. D. E. Fink, of the Bureau of Ento-

mology, bred S. sarracenioe, helicis, and a new species, from Allorhina
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nitida—the first from a pupa, the last two from adults. This was at

Norfolk, Va.

On August 16, 1914, Mr. W. R. Walton, of the Bureau of Ento-

mology, near Cimarron, N. M., captured a female Sarcophaga in the

act of larvipositing on the body of an adult living specimen of Eleodes

hispilabris. In September of the same season, at Koehler, N. M., Pro-

fessor H. F. Wickham reared several specimens of the same fly from

adults of Eleodes tricostata and ohsoleta. In reply to an inquiry as to

the possibility of the fly larvipositing only on dead beetles, Professor

Wickham wrote: ''There is no doubt that all of the Eleodes of mine

from which Sarcophaga larvae were secured had already been infested

before being placed in the cages in which the food experiments were

carried on. These cages were all closed with wire screen over the tops,

the cages themselves being of the battery jar type. In most of them

the top had been made of wood with a central circular opening which

was covered with the wire mesh. . . . My practise was to take

an Eleodes out of the cage as soon as it was noticed to be dead and
place it in a vial covered with flne cheesecloth. Sometimes the larva

left the beetle within an hour or less, at other times it remained for

several weeks. In no case has a beetle been left where it could have
been 'blown' by a free fly."

How the larva of Sarcophaga manages to penetrate the armor of

an adult Eleodes has not been ascertained.

In November, 1914, at the University of Kansas, Mr. H. B. Hun-
gerford showed me specimens of an undescribed species of Sarcophaga,

which he had bred from adults of the longicorn Cottonwood Borer,

Plectrodera scalator, at Kinsley, Edwards Co., Kansas; the flies were

numerous, affecting 90 per cent of the beetles.

A few scattering records may be added'.

Human beings are occasionally affected, but in various ways: one
instance of intestinal myiasis, one of nasal, one larva in the ear, and
one in a tumor on the back, are on record in this country. None of

the species have been identified except the one in the intestine, which
was Ravinia trivialis, normally an excrement-feeding form.

Sarcophaga helicis, as the name implies, was originally bred from a

snail.

Undetermined species have several times been bred from tumors on
the neck of tortoises.

Cole bred two undetermined species from rotting kelp on the sea-

shore at Laguna, Cal. (Pom. Coll. Jour. Ent., iv, 840).

Only a few of the species so far have shown a wide range of adapta-

bihty in larval habit; but this may very likely be a conclusion from
too few cases. Helicis has been bred from a snail, Corydalis, Cicada,.
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several Lepidopterous larvae, several adult beetles, several grass hop-

pers and a Mantis, and according to one record from cow manure,

though I am skeptical about this. Sarracenice without doubt breeds

at times in dead fish and is at other times a parasite of insects; it has

even been recorded from human excrement, but this might have been

a misidentification.

We seem to be deahng with a group in which the parasitic habit is

just being formed, and is still much more plastic than is the case with

Tachinidse, connecting the latter with the true Muscids—just where,

by good luck, we happen to have placed them in our lists.

Mr. R. R. Parker: I would like to add a few words to what Dr.

Aldrich has said, and shall deal mainly with their excreta-frequenting

habits. My data are based principally on personal observations

made during the past summer while carrying on investigations for

the Montana State Board of Entomology, undertaken in part to

determine what Montana flies may be considered of actual or potential

importance as disease agents or as carriers of disease.

In one experiment in which a trap was attached to the back of a

privy with a sunken vault so as to catch the flies which had visited

the excreta, 43 Sarcophagids were captured in one month, about

0.5 per cent of the total catch, and these were principally Sarcophaga

cooleyi R. Pkr., a species not known to breed in excreta.

Of flies captured with excreta as bait, Sarcophagids constituted

8.75 per cent of the catch in seven experiments. Of these, Ravinia

communis R. Pkr. was the most numerous and specimens of R. penicu-

lata R. Pkr., Sarcophaga Immorrhoidalis Meig. and S. cooleyi R. Pkr.

were also taken. All were females except a few specimens of S.

hcemorrhoidalis. It is interesting to note that the great majority of

oviparous species were also females.

Of flies noted in houses no proportionate record was kept, but

specimens of Ravinia communis R. Pkr., R. peniculata R. Pkr., Sarco-

phaga hcemorrhoidalis Meig. and S. cooleyi R. Pkr. were either captured

or observed, though only occasionally. Under certain conditions,

such as those prevailing in construction camps, it is probable that a

larger proportion of these flies would be found frequenting food, than

under town or city conditions.

The most interesting results were obtained from breeding experi-

ments. From material taken from privies with sunken vaults no

Sarcophagids were reared, but only oviparous species, mainly Ophyra

leucostoma Weid., and species of Fannia, Limosina and Scatopse.

On the other hand, when dealing with material exposed in the open,
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Sarcophagids were reared almost to the exclusion of oviparous forms,

the latter consisting principally of Muscina stahulans (Fall). While

the number of experiments was too hmited to permit of definite con-

clusions, they did indicate that where surface excreta and that from

surface privies was concerned, the Sarcophagids apparently prevented

the oviparous species from breeding in any great numbers. This may
be due to the Sarcophagid larvae preying upon the others, or they may
be more successful in the struggle for food; at least they have the

advantage of being deposited as larvae. I w^ould not care to suggest

that this relationship would hold farther south where there are more

oviparous forms which breed in excreta. As Sarcophagids are less

numerous and less commonly found in houses than oviparous species

that frequent excreta, they may perhaps be considered beneficial

in so far as the relationship suggested above holds good. In one

experiment, 970 Sarcophagids were reared from a single stool which

was found in a back alley and had been exposed one day; 944 of these

were Ravinia peniculata R. Pkr. Sarcophaga tuberosa sarracenice

(Riley) was bred from fish, but was not found in excreta though

supposed to frequent it abundantly. S. cooleyi R. Pkr. was bred in

large numbers from fish, and also from the carcass of a kitten.

The species of Ravinia are probably primarily breeders in excre-

mentous substances, and when excreta is deposited in the open are

commonly the first flies to be found on it. Ravinia communis R. Pkr.

was bred from human excrement, cow dung, horse manure, hen manure

and pig manure; R. peniculata R. Pkr. from human excrement and cow

and pig manure; several other species, some undescribed, are also

known to breed in manures of various kinds. There are very few

records of these species under other conditions, I also have records

of excreta-frequenting habits for several undescribed species of Sarco-

phaga. These flies also frequent garbage to some extent as it is found

exposed in the vicinity of stores and residences.

President H. T. Fernald: I suppose all economic entomologists

fully appreciate the necessary foundation of systematic work upon

which their studies must rest. It has been of interest to me in exam-

ining collections throughout the country, as I have had the oppor-

tunity, to note the number of Sarcophagidse labeled Sarcophaga sp.''

I think we are to be congratulated on the fact that since Mr. Aldrich,

Mr. Parker and others have been doing so much work along this line,

this unsatisfactory condition promises shortly to be removed and

that economic studies of the Sarcophagidse may apply to the

particular species concerned in each case.

President H. T. Fernald: The next paper on the program will

be by Mr. J. W. McColloch.



248 JOURNAL OF ECONOMIC ENTO:vIOLOGY

FURTHER DATA ON THE LIFE ECONOMY OF THE CHINCH
BUG EGG PARASITE

By J. W. ]\IcCoLLOCH, Assistajit Entomologist, and H. Yuasa, Assistant in Life

History Studies, Kansas Agricultural Experiment Station

At the annual meeting of this association last year the writers pre-

sented a paper on '^A Xew Parasite of the Chinch Bug Egg, Eumic-

rosoma henefica Gahan." This paper was a prehminary report based

on the first year's study and consequently the results were subject to

some modification as the work progressed.

As the habits of the insect under consideration became better under-

stood and the technique of rearing and handling developed, more accu-

rate results were obtained. Owing to many unforeseen circumstances

which arose during the first year's work, the study of the life history

suffered several reversals and a complete life history- was not worked

out. During the past summer these circumstances were anticipated

and a continuous life histor}^ study was made. By the development

of certain methods of technique it was also possible to observe the

growth of the various stages T^ithin the host egg and to dissect out

the different stages for a more detailed study.

During the past summer about 4,500 parasites were reared and a

large amount of data was collected. While most of the results coordi-

nate those obtained in 1913, some of them show considerable variation.

As the work of this year was carried on under more improved methods,

which conform more nearly with the natural habits of this insect, it

would seem that the results are more tj^ical of the life of this parasite

under natural conditions.

HiSTORy AND Distribution

The history of Eumicrosoma henefica began in iMa^^, 1913, when it

was found parasitizing chinch bug eggs in the vicinit}^ of ^lanhattan,

Kansas. Dming the summer of that year it was taken in sixteen

counties in Kansas comprising most of the area of chinch bug infesta-

tion. FiA^e counties have been added to this list during the past sum-

mer, namely, Finney, SedgT\*ick, Butler, Elk, and INIiami.

Mr. W. B. Flint, assistant state entomologist of Illinois, reports

finding parasites in Hmited numbers in a few localities in that state.

It is probable that the parasite is also present in Oklahoma and ]\Iis-

souri, as it has been taken many times in Kansas within a few miles

of the borders of these states.
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Importance

From the data thus far accumulated the egg parasite is an impor-

tant factor in the control of the chinch bug. In the spring of 1913

the emergence of chinch bugs from winter quarters was one of the

largest ever witnessed in Kansas and the indications were for serious

injury during the ensuing summer. Within two weeks after this emer-

gence the wheat fields were beginning to show considerable damage

and a few fields were entirely destroj^ed. Hundreds of eggs were de-

posited around nearly every wheat plant and it was thought that the

wheat and corn fields in many localities would be practically a total

loss. In two or three weeks it was evident that a large percentage of

the eggs were not hatching as the number of young bugs was far below

the expectation. At harvest when the bugs migrated to the corn

fields there was very little complaint of injury and throughout August

the number of bugs in the corn was exceptionally low. In the fall of

1913 the count's of the number of bugs in winter quarters showed only

one bug where there were from twenty-five to one hundred in the fall

of 1912.

The climatic conditions during 1913 were favorable for the develop-

ment of the chinch bug. The drought during the summer prevented

the development of the chinch bug fungus and there was no known
factor except the parasite which could have caused this great reduc-

tion. In Illinois, where practically the same conditions existed as in

Kansas, with the exception that there were few parasites present, the

chinch bugs did a vast amount of damage in 1913 and were equally

bad in 1914.

In 1913 the average parasitism at Manhattan during the summer
was 32 per cent and during the spring when chinch bugs were most

numerous it ranged from 20 to 40 per cent. In the experimental work

it was shown that the period of oviposition of the chinch bug covered

about two months, while the life cycle of the parasite extended over

a period of only two or three weeks. Thus the eggs of a single female

chinch bug were exposed to about three broods of parasites while the

eggs of one brood of chinch bugs were exposed to four or five broods

of parasites. From this data it is conservative to estimate the para-

sitism in the field during 1913 to have been at least 50 per cent.

The number of chinch bugs in the fields about Manhattan in 1914

was exceptionally small and there was a marked reduction in the num-
ber of parasites. The parasitism in the early spring was considerably

below one per cent, but as the summer progressed it gradually in-

creased until in September it reached 25 per cent. Table I gives the

percentage of parasitism by months at Manhattan.



250 JOURNAL OF ECONOMIC ENTOMOLOGY- \Yo\. 8

Table 1. Showing the Average Percentage of Parasitism at Manhattan,
K-^ys^SAS, IN 1914

Month No. of Eggs Per Cent of Parasitism-

May 3,002 0.16

June 1,204 5.2

July 4,989 . 6.3

August 1,777 9.0

September 28 25.0

Collections of eggs were made in sixteen localities in the state during

July and August and the average parasitism for the state exclusive of

Manhattan was 14.5 per cent.

The Egg

Description.—Fully developed eggs were readily dissected from

the abdomen of the adult female and in a number of instances eggs

were dissected from the host egg soon after oviposition. The egg

(Fig. 11, A) is ovate in shape and tapers into a long stalk at one

end. The opposite end tapers gradually and ends in a blunt point.

The stalk is about two-fifths of the entire length of the egg and the

micropyle is located at its tip. The comparatively large nucleus is

located near the blunt end. The egg is 0.23 mm. in length and 0.07

mm. in width.

Development.—-Shortly after deposition the egg begins to swell

due to embryonic development. In one instance an egg was removed

four hours after deposition. It had increased in volume, had become

spherical in shape and the protoplasmic content had begun to appear

differentiated but had not developed sufficiently to show anj^ definite

form.

Length of Egg Stage.-—-The length of the egg stage was determined

in a number of cases and was found to vary from a few hours to about

one day. During midsummer eggs deposited about 6.00 p.m. hatched

before 7.00 the following morning.

The Larva

Description.—In the life history two distinct larval stages were

found. The first stage (Fig. 11, B) resembles closely the first

larval stage of Teleas as described by Ganin.^ The larva when first

hatched is about one-fifth the size of the host egg. It is supplied ^\dth

a large pair of mandibles which are strongly chitinized and each bears

a sharp claw at the outer extremity. The caudal extremity ends in

a long tail-like process which is about one-half of the length of the

body. No segmentation was distinguished but there is a marked

constriction between the head and the body region.

^ Ganin, M., 1869. Beitrage zur Erkenntniss der Entwickelungsgeschichte bei

den Insekten. Zeits. wiss. Zool., bd. 19, pp. 381-451, 4 taf.
,
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Fig. 11 — Different stages of Eumicrosoma benefica Gahan. (A) Egg. (B)

First stage larva. (C) Second stage larva. (D) Pupa. All greatly enlarged, the

hairUne being Vio nim. magnified to the same scale as the object. (Original.)
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The larva is capable of moving from place to place within the host

egg, locomotion being effected by the lashing of the tail and to some
extent by the action of the mandibles. During the early part of its

life the larva is very active and by the continual working of the tail

and mandibles the contents of the host egg are disorganized.

The first stage larva feeds by a series of sucking motions by which

the food is drawn in through the mouth into the pharynx and from

here into the stomach, which is nothing more than a blind sac. Here

the food is rolled backward and forward by the movements of the

larva and probably by the contraction of the body muscles.

The length of the first larval stage is about two or three days and
during this time the larva increases to about twice the original size,

most of the growth occurring in the body region.

At the end of the first stage, the larva, which has lost its external

constriction and is ovate in shape, becomes inactive. Transformation

takes place within the old skin, the body shrinking back from the old

cuticula which has become thin and soon bursts near the cephalic end.

The larva graduallj^ moA^es out of the old skin and the moult is com-

plete.

The second larval stage (Fig. 11, C) is ovate in shape and occu-

pies about two-fifths of the host egg. The tail-like process of the pre-

ceding stage has disappeared and the mandibles have become greatly

reduced in size. Segmentation of the body shows faintly and ten or

eleven segments can be distinguished. Tracheation becomes apparent

in this stage and four or five pairs of well developed spiracles are notice-

able. This stage feeds in much the same manner as the first larval

stage. The food is apparently sucked into the pharynx, passing

through the oesophagus to the stomach where digestion occurs. The
stomach is a blind sac and until just before pupation no excrement is

voided. Digestion is facilitated by the constant churning of the food

back and forth by the contractions of the muscles of the stomach.

These contractions are somewhat regular in occurrence. They may
start from either end of the body and move to the other end, they

may start simultaneously from each end of the body and move to the

center, or they may start at the center and run to each end. About
three contractions start from the anterior end to one from the posterior

and there are about two contractions per minute.

In about three days the larva has reached its full development and

is ready to pupate. At this time all the contents of the chinch bug

egg have been destroyed and the larva nearly fills the shell.

Length of Larval Stage.—It was possible to carry a number of

larvse through to pupation and thus the length of this period was deter-

mined. During August several larvse were kept under constant obser-
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Tation. The first larval stage was completed in two or three days

while the second larval stage required from three to four days. An-

other day or two was required for molting and for the excretion of

waste. The total length of the larval stage varied from six to eight

days.

The Pupa

Formation.—Just before pupation begins the larva ceases to feed

and the waste matter which has accumulated within the body of the

larva during its growth is deposited at the posterior end of the host

egg. In a short time the bodj^ begins to constrict between the thorax

and the abdomen. Subsequently the eye spots begin to appear. In

a day or two the appendages begin to appear and pigmentation becomes

apparent in the head, thorax, and body (Fig. 11, D). The trans-

formation is completed in about eleven daj^s and the adult emerges

shortly after.

Length of Stage.—The pupal stage covers about three-fourths of

the length of the life cycle. During August and early September a

number of pupae under constant observation required from eleven to

thirteen days to complete this stage.

The Adult

Description.—The adult form (Figure 12) was described last year

by Mr. A. B. Gahan,^ entomological assistant of the United States

Bureau of Entomology and his description was given in the previous

paper.

Fig. 12

—

Eumicrosoma henefica; adult. Greatly enlarged (After Gahan).

During the past summer a melanic form was reared in the fourth

generation which differed from the form described by Mr. Gahan in

that the entire body was black. By crossing mth the normal form

it was possible to carry this form through the remaining generations.

During this time eighty-six black females and sixty black males were

reared. On August 19 a black male was reared from a chinch bug egg

collected in the field.

1 Gahan, A. B., 1914. New Hymenoptera from North iVmerica. Proc. U. S. Nat.

Mus., Vol. 46, pp. 442^3.
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Time of Emergence.—Considerable data was collected on the time

of emergence of the adult parasite. During the life history study all

material was examined at 8.00 a. m. and 5.00 p. m. each day for the

emergence of parasites. In this way it was found that the optimum
time for emergence was between 5.00 p. m. and 8.00 a. m. Of the

4,474 parasites bred during the season, 4,136 parasites, or 92 per cent,

emerged during the night, while 342, or 8 per cent, emerged during

the day. In order to determine the exact time of emergence 309 par-

asitized eggs were kept under hourly observation from July 31 to

August 12. Two hundred and seventy-six, or 88 per cent of these

parasites, emerged between the hours of 6.00 a. m. and 9.00 a. m., the

maximum emergence occurring between 6.00 and 7.00.

Period of Emergence.—The emergence from parasite eggs laid

on the same day may extend over a period of from three to fifteen

days. During the summer months this period varied from three to

six days, the maximum emergence occurring the second or third day.

In the fall this period w^as prolonged to from eleven to fifteen days.

Relation and Economy of Sexes.—In a number of experiments

conducted to determine the relation and economy of sexes, it was found

that one male could fertilize as many as ten females and that one fe-

male could mate with as many as six males. It was also found that

when oviposition occurred without mating all of the offspring were

males. When mating occurred about 70 per cent of the offspring

were females. The factor that influenced the number of eggs parasi-

tized per female was the number of eggs supplied. This factor also

influenced the mortality of the parasites in the host egg. When few

eggs were supplied double parasitism often resulted.

Method of Oviposition.—Oviposition was observed many times

under laboratory conditions and in practically every case the process

was the same. The female parasite, on finding an egg, hurriedly makes

a preliminary survey of it by crawling over the egg and feeling it wdth

her antennae. Generally, the female in making this examination goes

over the entire egg, the progress being along the long axis. If the

egg does not suit she may discard it after this examination. If the

preliminary survey proves satisfactory, a more careful survey is made
in which the female goes over the egg slowly and examines every part

of it carefully by tapping with the antennae. If this examination

proves all right the female crawls off the egg and with her back to it

endeavors to find a suitable place for the insertion of the ovipositor.

The latter is protruded until it touches the egg and then the female

begins a survey by sounding various parts of the egg with the tip of

the ovipositor. Often it is necessary for her to change position once

or twice before a suitable place for its insertion is found. When a
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place is found the actual insertion takes place. The parasite assumes

a rigid position, the tip of the ovipositor touching the surface of the

egg. The two pieces composing the sheath of the ovipositor are then

pushed and mthdrawn alternately for some time until a hole is made
in the shell. The inner valve of the ovipositor, which is chitinized

and sharp, is then suddently thrust into the egg. Oviposition imme-

diately follows this procedure and is distinguishable by a slight swell-

ing which starts at the base of the ovipositor and passes in a

wave-like motion to its tip. Immediately^ following oviposition the

inner valve of the ovipositor is withdrawn and at the same time the

caudal segments of the abdomen are extended to the surface of the

chinch bug egg and the ovipositor is then mthdrawn.
The female may then walk away or she may endeavor to oviposit

again in the same egg. The entire process of egg deposition may
require from one to five minutes. The parasites do not seem able to

distinguish parasitized eggs from normal ones. In the course of the

season females were observed ovipositing in parasitized eggs, egg shells

from which chinch bugs or parasites had emerged and eggs from which

parasites were emerging. As many as three females were seen ovi-

poisting in the same egg at the same time. At no time was a female

seen attempting to parasitize eggs other than those of the chinch bug.

Oviposition may occur at any time of the day or night. In the

laboratory parasites were supplied wdth eggs at all hours and egg laying

occurred soon after. Parasites confined in darkness were fully as

prolific as those kept under normal conditions.

The period of oviposition may extend from two to eleven days,

the maximum deposition usually occurring the first or second day.

Number of Eggs.—The number of eggs that a female could de-

posit was determined for about 300 individuals and was found to vary

to a great degree. This variation was due to a number of factors,

such as the number of chinch bug eggs supplied, the age of the eggs,

food, fertilization, and age of the female.

Two hundred and twenty-six females parasitized an average of 16

chinch bug eggs or 53.5 per cent of the eggs supplied. The largest

number of eggs deposited by a single female w^as 54 and this was by an
unmated female. Seven females deposited over 40 eggs each and
twenty-one females deposited over 30 eggs each.

Sixty females that had not been allowed to oviposit were dissected

and the number of eggs in the ovaries counted. The largest number
of eggs found was 36 and the lowest 5, while the average was 22.

Thirty-nine females that had been supplied regularly with chinch

bug eggs were dissected after death and the average number of eggs

remaining in the ovaries was 11.4 with extremes of 0 and 28.
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Double Parasitism.—The female parasite does not seem to be

able to distinguish between parasitized and unparasitized eggs and
double parasitism often resulted. If double parasitism occurs at

about the same time it results in the death of both larvse, while they

are in the first larval stage. If the second parasitism occurs when
the first parasite is in the pupal stage, the second parasite makes no

development and the first parasite emerges.

In the case of simultaneous double parasitism the eggs hatch in

about the normal length of time but the resulting larvae develop slowly

and never reach the second larval stage. These larvae may live from

nine to twelve days, usually one of them dying two or three days before

the other.

Parthenogenesis.—Eumicrosoma benefica can reproduce partheno-

genetically but the percentage of eggs parasitized and the number of

eggs parasitized per female is usually low. Twenty-three unfertilized

females were supplied with eggs in the life history work. Of the 620

eggs supplied 239, or 38.5 per cent, were parasitized, an average of

ten eggs per female. Two hundred and ^even parasites were reared

and 206 were males.

Proportion of Sexes.—In the study this year the number of fe-

males greatly exceeded the number of males. Of the 4,474 parasites

reared during the past summer 3,176, or 71 per cent, were females,

while 1,297, or 29 per cent, were males. Sexual reproduction, how-

ever, seems to be the rule, for of the 468 parasites bred from eggs col-

lected in the field, 336 were females and 132 were males. In the lab-

oratory studies unmated females always produced males.

Effect of Oviposition in Different Stages of the Host Egg.—
The parasites show a decided preference for chinch bug eggs that are

from one to three days old and the best results were obtained in lab-

oratory studies when eggs of this age were used. A number of experi-

ments were conducted in which parasites were supplied with eggs

ranging in age from two to fourteen days. Parasitism occurred in all

of these eggs but the percentage of parasitism decreased as the age

increased.

Host Relations.—Numerous experiments were conducted again

this year in an effort to rear Eumicrosoma benefica on some host other

than chinch bug eggs but all proved negative. The parasites were

supplied with eggs of Nysius angustatus, Geocoris sp., and of several

species of Jassidse. Large numbers of these eggs were also collected

from grass containing parasitized chinch bug eggs and these were care-

fully examined for parasites but no evidence of parasitism by Eumi-

crosoma benefica was noted.

Length of Life.—The length of adult life was found to vary from

a few hours to seventy-eight days. Temperature is probably the most
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important factor which influences the length of life, and food is the

next most important. During midsummer the average length of life

was about four or five days, but with the advent of cool weather it

increased to from 15 to 25 days. Seven parasites that emerged

about the middle of September lived over 60 days and one lived 78

days. Parasites fed on sweetened water lived much longer than those

that were not fed.

Length of Life Cycle

The length of the life cycle varies with the season of the year. Dur-

ing the early spring and late fall the life cj'-cle averaged from 30 to 42

days, while during June, July, and most of August it averaged about

16 days, with a range of from 11 to 23 days. Between May 6 and Octo-

ber 21, 4346 parasites were reared and the average length of the life

cycle was 18.3 days, with a range of from 11 to 42 days.

Table 2 gives the length of the life cycle based on the period between

first oviposition and first emergence in the continuous hfe history study.

Table 3 gives the average length of the life cycle for all parasites

reared in each brood of the life history work.

Table 2. Showing Length of Life Cycle in Life History Study

Brood Firsi Oviposition First Emergence Length of Life

1 (3)

2 May 6 May 27 22 days

3 May 28 June 11 15 days

4 June 12 June 28 . 16 days

5 June 29 July 15 16 days

6 July 16 July 31 15 days

7 July 31 Aug. 15 15 days

8 Aug. 15 Sept. 1 17 days

9 Sept. 1 Sept. 24 23 days

(3) The first brood of adults was present in the field prior to May 6.

Table 3. Showing the Average Length of Life Cycle of All Parasites
Reared

Brood Source Date
No. of Av. liength

Range

Parasites of Life Cycle
Max. Miu. _

2 From field collection 5-6 to 9-7 463

Days

10.7

Days

31

Days

2

3 From 2nd brood 5-28 to 7-31 799 16.0 21 12

4 From 3d brood 6-11 to 8-4 932 16.0 21 12

5 From 4th brood 6-29 to 8-8 279 16.4 20 13

6 From 5th brood 7-16 to 7-31 978 15.7 23 12

7 From 6th brood 7-31 to 8-10 567 16.0 22 11

8 From 7th brood 8-15 to 8-29 266 20.0 26 16

9 From 8th brood 9-1 to 9-10 62 28.0 42 23

7
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Period of Activity

Since the first parasitized chinch bug eggs were found on Msiy 6 it

is evident that the parasites were active before this date. The first

chinch bug eggs were found on May 5.

The last emergence of parasites in the life history study in the out-

door insectary under practically natural conditions occurred October

21 and the last parasite died November 30. The period from the first

parasitism in the spring to the last emergence in the fall was 168 days'

and to the last death 209 days.

Number of Generations

The possible number of broods was determined in an outdoor in-

sectary by collecting parasitized chinch bug eggs as soon as they ap-

peared in the field in the spring and rearing adult parasites. The adults

were allowed to oviposit in chinch bug eggs immediately and in this

way the next generation was obtained. By supplying the first adults

of each generation with fresh chinch bug eggs an unbroken life history

record for the entire summer was obtained. The first brood of adults

was present in the field prior to May 6 as parasitized eggs were found

at this date. The second brood of adults was bred from eggs on May
27, the third brood was out June 11, the fourth brood June 28, the

fifth brood July 15, the sixth brood Juh^ 31, the seventh brood August

15, the eighth brood September 1, and the ninth brood September 24.

The first pair of adults of the ninth generation was supplied with 17

chinch bug eggs and oviposition occurred at once. The larvae of this

brood, however, died just before pupation. The accompanying chart

gives the seasonal life histt)ry and brood study at Manhattan.

Physiological Relations

Effect of Temperature.—Eiimicrosoma henefica responds readily

to temperature influences. Low temperatures of from 40° to 50° pro-

long the life cycle from sixteen daj^s to forty-two or more days and

prolong the length of adult life from three to ten days to as high as

seveiity-eight days. On July 13 several parasitized eggs w^ere placed

in an ice box where the temperature ranged between 42° F. and 55° F.

One egg was removed each w^eek and the time of emergence was pro-

longed just the period that the eggs remained in cold storage. The

parasite that w^as in cold storage seven days emerged seven daj^s later

' than the check, and the parasite that was in tvv'enty-nine daj^s emerged

tw^enty-nine days later than normal.

On August 8 eighty-four parasites were fed on sweetened water and

placed in an ice box where the temperature ranged between 40° F. and
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55° F. The average length of Hfe of these parasites was nineteen days,

with extremes of eleven and twenty-seven days. Seventy-eight para-

sites in the check lived an average of 3.5 daj^s, with extremes of twO'

and five days.

Fig. 13—Life History Chart.

Temperatures above 100° F. for three or four hours were fatal to the

adult parasites when they were confined in small vials, and tempera-

tures above 110° were fatal to the immature stages under the same
conditions.
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Effect of Food.—During the summer the parasites were fed on

numerous substances, such as sweetened water, plain water, dew on

corn plants, sap from corn stalks and gummy secretions from sun-

flowers. In all cases the parasites fed readily, but, with the exception

of sweetened water, the effect of feeding was not appreciable in the

length of life or in oviposition. Sweetened water prolonged life from

a few days to several weeks and the parasites showed a greater activity

in oviposition.

Table 4 gives the effect on the length of life of the adults at differ- .

ent seasons of the year when fed sweetened and plain water, and when
not fed.

Table 4. Showing Effect of Food on Length of Life

Sweetened Water Plain Water No Food

Date

No. Parasites
Length of

No. Parasites
Length of

No. Parasites
Length of

Life Life. Life

Days Days Days

June 17 16.5 6 4.0

7-16 to 8-1 120 7.0 3 3.6 86 3.3

8-7 to 8-17 127 10.3 48 3.0 138 3.9

9-4 to 9-17 96 9.6 35 9.2 71 9.5

9-24 to 10-17 14 26.2 9 18.0 33 15.5

Effect of Light and Contact.—^The adult parasites show negative

phototropism. In the vials they alwaj^s crawled in between the cotton

and the glass on the underside where it was darkest. If a paper label

were placed in the vial the parasites would get on the under surface.

When placed in a dark box which had a glass tube inserted for emer-

gence to light the parasites seldom appeared in the tube.

The adults also show a positive thigmotropism and whenever pos-

sible they endeavored to crawl in between two closely fitting objects.

In the vials they were found wedged in between the vial and the cotton

plug and in the field they were often found between the leaf sheath

and stalk of plants or in small cracks in the ground.

The two reactions are necessarj^ in the life economy of the insect

in its search for chinch bug eggs.

A Member: I would like to ask as to whether this parasite has

transferred its habitat to the chinch bug or whether it has been present

all the time in small numbers?

Mr. J. W. McColloch: Indications are that it has been present

for some time. The percentage of parasitism the first year we found



April, '15] McCONNELL; UNIQUE TYPE OF INSECT INJURY 261

the parasite was about the same in all parts of Kansas under various

atmospheric and soil conditions. About 16 per cent of the eggs

collected in the field were parasitized. This year 14 per cent of the

eggs collected in the field outside of Manhattan were parasitized.

President H. T. Fernald: The next paper on the program will

be read by Mr. W. R. McConnell.

A UNIQUE TYPE OF INSECT INJURY

By W. R. McConnell, Bureau of Entomology.

Introduction

The bean-leaf beetle, Cerotoma trifurcata Forst., is well-known in

the south as an enemy of beans and cowpeas. It is known chiefly

from the damage done by the adults to the foliage of these hosts,

where its injury may consist merely of eating rounded holes in the

leaves or may extend to the total destruction, particularly of young

plants.

The first record of a food plant was made in 1877 by Professor

E. A. Popenoe^ w^ho found the beetles damaging the leaves of garden

beans in Kansas. In 1887, Professor F. M. Webster ^ recorded the

total destruction of garden beans in Louisiana and Indiana. He also

found cowpeas seriously damaged in Louisiana and predicted that

''To the cowpea this may prove a formidable enemy, especially in

the south." Popenoe later published a more complete account^

and Dr. Chittenden^, ^ has published several important papers on

this insect, giving notes upon several additional food plants, upon its

life history, and recording injurious outbreaks as far north as New
Jersey. A few other writers, particularly H. E. Weed,^ have added

important facts regarding this insect.

The larvse have been described a number of times as feeding on the

roots, channeling furrows in the bark of the subterranean portion of

the stem, and even as burrowing up through the stem. While all

these forms of injury may take place, it is evident that they are not

sufficient to account for all the phenomena of the distribution and

extent of damage in bean and pea fields.

In the fall of 1912, Mr. T. H. Parks, formerly of the Bureau of

Entomology, and the writer, while working in the lower Mississippi

Valley, discovered that the nodules on the roots of cowpeas had been

damaged by larvae resembling those of Diahrotica. Adults of the

bean-leaf beetle were feeding upon the foliage and we suspected that

the larvae might belong to this species. The unique character of this

injury led us to believe that a careful study of these larvse in relation
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to cowpeas should be made, and it was agreed that Mr. Parks should

concentrate his attention upon this problem. He soon proved the

identity of the larvae and did the major portion of the work until his

resignation in the following spring, when the writer took it up. The
full possibilities of the damage began to be realized during the following

summer when the larvae were found to be the most destructive on the

poor soils where soil enrichment through the growth of cowpeas was
of the greatest consequence, and when soy beans were found to be

seriously damaged in the same way. The present preliminary paper

includes none of the results of the past season during which active

work had been turned over to other hands, but the results obtained

up to that time are deemed important enough for publication now\

Distribution

The bean-leaf beetle is found over the eastern portion of the country

from New York to Minnesota and southward to Kansas and the Gulf

of Mexico. It occurs in most destructive numbers in the south,

especially in the Gulf Coast States.

Food-Plants

It feeds on a rather long list of plants, all of which are legumes.

Recorded host plants include bush and pole beans, cowpeas, bush

clover {Lespedeza spp.), hog peanuts {Falcata comosa L.), and tick

trefoil or beggar weed {Meihoynia spp.), including the cultivated

beggar weed. Parks found adults on the leaves of Enghsh horse-

beans {Faba sp.) at Biloxi, Mississippi, and pupae near characteris-

tically injured nodules of soy beans. The writer has found soy beans

seriously damaged in Louisiana and has reared larvae from this host.

He has also found the larvae damaging nodules on some recently intro-

duced forage plants, such as the moth bean, Kulthi bean, and Phaseolus

sp. In the delta region of Mississippi Meibomia canescens seems to

be a native food plant and its nodules are damaged in the typical way.

Garden peas and velvet beans seem to be exempt.

Life-History

The notes on Hfe-historj^ apply to the latitude of central Mississippi,

most of this work being done at Greenwood. Here there are at least

three generations extending over the season, and the length of different

stages varies at different times of the year. The adults hibernate

under rubbish, in and near cowpea fields and gardens, and in clumps

of rank grass. In the delta region clumps of Andropogon virginicus

are favorite hibernating places, these dense clumps frequently growing
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on a slight elevation and permitting the beetles to pass the winter

above the general level of standing water in many places.

The beetles emerge from hibernation early in the spring. At Green-

wood, Mississippi, this occurs about the first of April. On the Gulf

Coast this occurs considerably earlier, and in the extreme southern

part of this country they may not hibernate at all. On emergence

they begin to feed chiefly upon garden beans and also what native

food plants they can find. xAfter feeding for a week or more, oviposi-

tion begins.

The eggs are placed in the ground within a few inches of the base

of the plants and at varjdng depths. In loose soil they may be found

within one-quarter of an inch of the surface, but the beetles frequently

place them on the under side of clods of earth, in crevices, and between

the base of the plant and the earth. They may in this way be placed

a couple of inches below the general surface. Occasionally they are

placed on the surface in damp shaded situations. Eggs have been

found in clusters of from 1 to 49, the average size of a cluster being

about 12. The eggs are of a deep yellow to orange color, elliptical,

reticulate, and about .70 mm. long by .35 mm. in diameter. A single

female has laid as many as 795 eggs, but the average is probably con-

siderably less than this. Oviposition continues over a period of

several weeks to a month. The eggs hatch in about 18 days in the

spring, while in summer this period may be shortened to a week.

The larvae at hatching are about 1.5 mm. long and when full-grown

reach a length of 8-10 mm. At first they are of a creamy to a pale

orange color, and the egg shells also retain the orange color after

hatching. The larvae later become pure white. The head, cervical

shield, and anal shield are always black.

They feed upon the roots, root hairs, and root nodules. They can

complete their growth on either roots or nodules, or both, but seem

to prefer the latter when they are available. They cut off roots and
devour a portion of a cut end and may gnaw some of the bark from

a larger root. When attacking nodules they cut a round hole into

the nodule and usually devour the entire contents, leaving only the

outer shell. They usually crawl out through the entrance hole

but may cut their way on through. Several small larvae may attack

a single nodule, making a number of entrance holes. One nodule has

been found to contain as many as 8 young larvae. The larvae usually

travel along the course of roots in search of fresh nodules, but may
go short distances through the soil. They have been found to injure

nodules as deep as 8 inches and over a foot in a horizontal direction

from the base of the plant.

The larvae pupate in a nearly upright position in small earthen cells
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near the base of the plants or their horizontal roots and in depths

varying from one-quarter of an inch to three inches. The depth of

the pupal cells seems to be determined largely b}^ the amount of

moisture in the soil. During dry hot weather they pupate deeper

than during wet weather.

The period of larval growth varies from about three weeks in mid-

summer to six weeks or more in the fall. The pupal period extends

over about four da^^s in mid-summ.er and may be extended over two
months in the fall. Pupae have been found in the ground as late as

the first week in January and these must have remained there in this

stage since the first of November.

The first generation of adults appears about the middle of June.

By this time practically all of the over-wintered beetles are dead.

Oviposition for this brood extends practically into July and by thi&

time the adults of the second generation begin to appear. A third

brood begins to appear during the last of August and adults continue

to emerge until stopped by cold weather in the fall, usually about the

first of November. There is considerable overlapping of broods during

the latter part of the season and there is probably a partial fourth

brood.

Natural Enemies

Climatic conditions seem to be the principal natural check upon

the multiplication of this insect. A rainy winter with occasional

cold snaps undoubtedly results in a high mortality. In an experiment,

under what seemed to be excellent conditions for hibernation, only

11 per cent of the beetles survived the winter. The character of the

growing season also influences the rate of multiplication. A few

beetles are killed by a fungus, probabh^ Sporotrichum, and eggs in

cages frequently become covered with a greenish mould and fail to

hatch. A small reddish mite was found clinging to a recentlj^ hatched

larva in a cage. Mr. G. G. Ainslie has noted that small mites appar-

ently injured the eggs. Ants have been observed ca/rying off larvae

after they had been dug up. A Spring-tail, as yet undetermined, seems

to kill pupse when the ground becomes cold in the fall. The only

internal parasite thus far reared is the Tachinid, Celatoria diahroticce,.

which kills a small percentage of the beetles.

Damage

The amount of damage caused hy the larvae of the bean-leaf beetle

is difficult to estimate. When the larvae appear while the plants are

young and before the nodules have developed, the roots suffer seriously.

When the nodules have begun to develop the larvae then attack them.

Nodules appear first on the tap root and these are frequently all
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destroyed before they are half grown. Later, nodules develop on

lateral roots and nearly all of these may be found and destroyed when

quite small. One larva is capable of destroying a considerable num-
ber of nodules. When the attack is delayed until the nodules have

reached their full size, the destruction may be as complete but the

damage is probably not as great. In any case a serious outbreak of

the beetle means that the nodules have little opportunity for per-

forming their , function of collecting atmospheric nitrogen. This

means that the plant will not be able through the nodules to store

up nitrogen later to enrich the soil. While it is true that cowpeas

will make a good growth in rich bottom soil irrespective of damage to

,the nodules, it is in the poorer hill soils that the loss of the nodules

causes a marked decrease in the size of the plants,- and it is in these

soils deficient in nitrogen that the nitrogen-fixing ability of the nodules

is most valuable.

A correct determination of the loss in this manner from the attacks

of the larvse involves a knowledge of the nodule-forming bacteria

themselves and a chemical analysis of the plants. Consequently,

cooperative experiments with the Bureau of Plant Industry have

been arranged, and these are still in progress. For the present, an

idea of the possibilities may be gained from what is known of the value

of legumes in soil renovation. Mr. Lewis T. Leonard, of the Bureau

of Plant Industry, who is in charge of the cooperative work on this

insect, has kindly supplied a statement, as follows: "Professor Bot-

tomley of England has estimated from German and United States

reports that on an average the legume nodule adds 166 pounds of

nitrogen per acre to the soil (166 pounds of nitrogen is equivalent to

about 1,844 pounds of sodium nitrate)." He also has computed from

reports in his office "that in the case of the cowpea the average value

of the nodules to the plant is 140 per cent of the crop without the

nodules, that is, by inoculation the crop is more than doubled." The
importance of the loss of the nodules on a poor soil will readily be seen.

To this damage must also be added that caused by the larvse to

the roots. In addition it must be borne in mind that the adults are

capable of destroying a stand of young cowpeas. Ordinarily, after

cowpeas have made a good growth, the damage by the adults is not

serious.

Suggestions for Control

The possibilities for the successful control of this insect on a crop

of cowpeas are limited mainly to preventive measures. Since, as

Weed first pointed out,^ the first generation is in the main produced

upon garden beans, it would appear that a campaign of thorough

spraying with arsenicals against the adults as soon as they appear
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upon beans would reduce their numbers considerably. Black-eyed

peas, which are commonly grown in gardens in the south, should also

be included, and wild host plants should be destroyed.

The date of planting a crop of cowpeas is also an important consid-

eration. It has become a well established custom not to plant cow-

peas until June. This custom has come about apparently from the

ravages caused by this beetle on an early crop. It is important to

dodge the first generation of beetles in order to allow the plants to

make a good growth before the second generation appears and to

allow the poisoning of the adults on beans to take place. This can

probably be done in the latitude under consideration if peas are not

sown earlier than the latter part of May.
There seemed to be a possibility of finding a resistant variety of

eowpeas, and accordingly experiments were started to determine this

point, the Bureau of Plant Industry furnishing the seed. This phase

of the work is still being carried on, but it may be said that no variety

is entirely immune. The Iron cowpea is damaged much less, both

by larv2e and adults, than any variety so far experimented with.

In view of the fact that it is also resistant to the root-knot disease,

it promises well for the purpose of soil renovation wherever it is

adapted to soil and climate.
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Mr. F. M. Webster: I only wish to point out the far-reaching

results of these investigations. Following the idea put forward by

Dr. Forbes last night, I think this furnishes an excellent illustration.

We began twenty-eight years ago with the investigation of a beetle

whose injuries were supposed to be restricted to the foliage of legu-

minous plants. Now we find ourselves at a point where we have to

go to the ecologist, and the soil expert, as we find that the larvae

of this beetle in destroying these nitrogenous nodules, largely takes

away the fertilizing value of these plants, especially if growing on the

higher lands where there is the greatest need of additional fertility.

And it takes us into a matter which the agronomist has overlooked.
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Mr. McConnell has shown the actual financial value of these nodules

to the farmer as compared with the cost. of sodium nitrates.

President H. T. Fernald : In the case of the papers remaining

on the program, the authors are either absent or wish the papers

presented by title.

At the close of this session, the regular business was transacted and

the meeting adjourned at 11.30 a. m.

A New Pest, The Chrysanthemum Midge {Rhopalomyia hypogaea H. Lw.)

Specimens of badly infested chrysanthemum plants were received under date of

March 27, 1915, from Prof. R. H. Pettit of the Michigan Agricultural College, ac-

companied by the statement that the above named insect, determined by the writer,

was causing serious injury in the houses of a commercial chrysanthemum grower.

Certain varieties^ particularly mistletoe, appear to be very susceptible to injury.

The plant submitted for examination had the stem from a point at about the surface

of the ground to the region of the leaves, a distance of 1.5 cm., enlarged to practically

twice the normal diameter, the swelling being composed of nearly approximate oval

cells, each of these having a length of about 2 mm. Similar masses of infested tissue

occurred in and near the midribs of the developing leaves and arrested the growth of

the fohage, producing a close, ill-shaped head and the probable ruin of the plant for

commercial purposes. A study of the, midges and the deformities they produce con-

vince us that this is an European species recorded from central and southern Europe

as infesting Chrysanthemum leucanthemum, C. corymhosum, C. atratum and C. japoni-

cum, and producing galls on the stalks, leaves, buds and presumably also on subter-

ranean root stalks. The individual galls frequently form sub-conical projections from

the swollen surface of the plant tissues.

This insect, hke allied greenhouse species, probably breeds continuously when
conditions are favorable, the initial attack being usually confined to buds (including

the subterranean ones on root stalks) or tissues just unfolding from the buds. The
midges transform in. the gall and it is probable that hibernation or aestivation occurs

either in the adult or possibly as larvae in slowly developing, subterranean buds.

The probabilities favor this insect being a serious local pest, since it has presumably

become estabHshed in this country without its full complement of parasites. It is

certainly desirable to ascertain the present distribution of the chrysanthemum midge
in America, and growers of this popular flower would do well to adopt every reasonable

precaution to keep their stock free from this insect. Badly infested plants should

be burnt, and it is possible that, by cutting off and destroying infested portions of

others, it may be practical to exterminate the insect in locahties where it has become
estabHshed without resort to more drastic measures. Fumigation with hydrocyanic

acid gas, while deadly to the midges on the wing, would have httle or no effect on the

larvae and could not be expected to accomplish more than prevent the insect from
becoming excessively abundant.

E. P. Felt.



268 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 8

Proceedings of the Thirteenth Annual Meeting of the

American Association of Official Horticultural

Inspectors

(Papers continued)

IMPORTANT INSECT PESTS COLLECTED ON IMPORTED
NURSERY STOCK IN 1914

By E. R. Sasscer

During the past 3^ear the Federal Horticultural Board has been is-

suing, from time to time, in the form of news letters, lists of insects

and diseases intercepted on imported nursery stock b}^ inspectors

throughout the states. In preparing these lists an attempt has been

made to present them in such a simplified manner as to be intelligible

to the isolated inspector as well as to entomologists and pathologists.

These news letters are not published, and the object of this contri-

bution is to put on record the finding of certain injurious insects, some

of which have not been listed in previous reports.

Fifty-one nests of the brown-tail moth {Eiiproctis chrysorrhcea Linn.)

have been collected on French nursery stock, and three egg masses of

the gipsy moth {Porthetria dispar Linn.) on cedar and camellia from

Japan, and a single egg mass on azalea from Belgium. Larvae of the

pink boll worm (Gelechia gossypiella Saunders) were found in three

shipments of Egyptian cotton, one of which exhibited a 20 per cent

infestation and was to be forwarded to Arizona. This cotton pest is

briefly described by Mr. W. D. Hunter in an unnumbered circular of

the Bureau of Entomology, and, from all indications, would be a

serious menace to the cotton industry if established in the southern

states.

• A single living adult of the olive fruit fly {Dacus oJece Rossi) was dis-

covered in a small package of olive seed from Cape Town, South

Africa, after having been en route for 28 days. According to Silvestri^

it requires from 47 to 49 daj'S in Italy for the pupa to transform to the

adult, and it is possible, therefore, for this pest to enter the United

States through eastern ports of entry and still have ample time to

reach the olive-growing sections of California prior to the emergence

of the adult. In addition to the olive fruit fly, a dead specimen of what

appeared to be Dacus semispharens (Becker) was found in the same

small package.

Avocado seed from Guatemala were infested with the larvae of an

undescribed curculio {Conotrachelus sp.). The number of larvae per

seed varied from one to five, and the injury occasioned is not unlike
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that of the avocado weevil {Heilipus lauri Boh.)- These seed were

also infested vdXh the broad-nosed grain weevil {Carpophilus latinasus

Say).

A single specimen of the banana root borer {Sphenophorus sordichis

Germ.) was found hi a banana plant held in quarantine from Brazil.

When received the plant was apparently healthy, but, after remaining

in quarantine for several n^onths, it commenced to die down, and, on

close examination, the roots were found to be riddled by the larva

mentioned. According to Jepson^ this insect is a serious pest to banana

plantations in the Fiji Islands, and no variety seems immune from its

attacks.

Egg masses of the European tussock or vapourer moth {Notolophus

antiqua Linn.) have been frequently taken on various kinds of stock

from Denmark, Holland, France, and Belgium. According to English

writers, this insect is somewhat partial to civilized life, and frequents

trees in densely populated cities, gardens, and parks. At times it is

responsible for considerable dam.age to roses and to fruit and forest

trees.

Cocoons of the Oriental INIoth {Cnidocampa flavescens Walk.) were

found on Japanese stock. This insect has an extensive distribution in

the Orient, and has previously been introduced into this country.

A full account of this pest is given by Dr. H. T. Fernald in Bulletin No.

114, Hatch Experim.ent Station of the Massachusetts Agricultural

College (1907).

The citrus leaf miner {Phyllocnistis citrella Stainton) has been de-

tected on Citrus and Atalantia from the Philippine Islands. According

to Mr. R. S. Woglum- this leaf miner is a serious pest in India, and is

especially injurious to citrus nursery stock.

Puparia of the papa}' a fruit fly (Toxotrypana ciirvicauda Gerst.)

were received in a package containing an unknown vine from Mexico.

This material was retained, and subsequently adults were reared. An
account of this fruit fly was recenth' given by Messrs. Knab and

Yothers.^

Coccids have been reported frequently, som.e of the more important

of which are the following:

Aspidiotus destructor (Sign.) on Mangijera veriicillata, M. indica var. carahao,

Eugenia sp. from the Philippine Islands, and cocoanut from American Samoa.

Chionaspis wistarice (Cooley) on Wistaria from Japan.

^ "Report on Economic Entomology," Department of Agricultm"e, Fiji, ComicU
Paper Xo. 25, p. 48, 1911.

2 Bull. No. 120, Bureau of Entomology, U. S. Department of Agriculture, p. 49

(1913).

3 Journal of Agricultural Research, II, 6, p. 447 (1914).
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Epidiaspis pyricola (Del Guer.) on pear seedlings from France.

Morganella maskelU (Ckll.) on Citrus from Java and Brazil.

Targionia hiformis (Ckll.) on orchids from Venezuela and Colombia.

Odonaspis seereta (Ckll.) on bamboo from Japan.

Odonaspis sp. on grass from Brazil.

Parlatoria sp. on Mango and Citrus from Brazil.

Pseudaonidia aiticulatus (Morg.) on Limoncillo from Ecuador, and on Cinnamon
from Colombia.

Pseudaonidia duplex (Ckll.) on Camellia, Persimmon, and tea trees from Japan.

Pseudaonidia pceonice (Ckll.) on Azalea, Camellia, Pear, Gardenia, Olea jragrans,

and Andromedas from Japan.

Pseudaonidia trilobitiformis (Green) on Jahoticaha murta from Brazil and

Citrus from Japan.

Pseudococcus ryani (Coq.) on Sciadopitys veriicillata from Japan.

Pseudococcus calceolarioe (Mask.) on sugar cane from Brazil and flax from New Zea-

land.

The following list indicates by countries the number of species of

insects collected on imported stock and reported to the Federal Hor-

ticultural Board by various State and Federal inspectors:

Algeria, 3. Ecuador, 4. Mexico, 9.

Argentine, 2. Egypt, 6. New Zealand, 14.

Australia, 7. England, 22. Nigeria, 11.

Belgian Congo, 1. Formosa, 2. Palestine, 1.

Belgium, 53. France, 35. Paraguay, 1.

Bermuda, 3. . Germany, 5. Peru, 1.
,

Bolivia, 1. Guatemala, 13. Philippine Islands, 24.

Brazil, 50. British Guiana, 1. Reunion, 1.

Canada, 2. Hawaii, 1. Samoa, 7.

Canal Zone, 3. Holland, 58. Siam, 3.

Cape Colony, 2. India, 10. Sudan (Africa), 1.

Ceylon, 1. Ireland, 1. Trinidad, 4.

China, 13. Italy, 2. Transvaal (So. Africa), 3.

Colombia, 37. Japan, 67. Turkey, 1.

Costa Rica, 7. Java, 9. Venezuela, 3.

Cuba, 2. Kamerun, 3.

Denmark. 2. Korea. 1.

THE PREVENTION OF RABBIT INJURY TO YOUNG APPLE
TREES

By E. N. Cory, College Park, Md.

(Abstract)

Economic entomologists are frequently asked to lend their services

in preventing' or controlling animal pests, that do not belong to the

insect world. Such a request was made of the Department of Ento-

mology in Maryland in December, 1913, the animal pests in question

being cotton-tail rabbits (Lepiis sylvaticus). They w^ere reported

as having badly cut the trunks of young apple trees planted on the
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mountain sides. Some of the blocks of one- and two-year trees had

suffered injury to the extent of 95 per cent of the entire stock. In

other places the rabbits had not begun to work.

Electric welded wire screen of one-fourth inch mesh, had

been used in many of the orchards with success at a cost of one-half

cent per tree, where the wire was bought by the carload, plus labor cost.

Various w^ashes of fish oil soap, blood, glue, hair, lime, and other in-

gredients had been used with little or no success. White lead and

raw linseed oil in the proportion of | part lead to J part oil had been

used on a large number of trees. This cost approximately three-fourth

cent per tree, labor being one-fifth cent per tree. The rabbits gnawed
through this covering in most instances.

The writer visited the place and demonstrated the preparation of

concentrated lime sulphur and the method of thickening the material

for brushing on the trees. Some commercial lime sulphur was used.

About 600,000 one- and two-year apple trees were treated.

The lime sulphur was diluted at the rate of 1 to 9 and approximately

30 pounds of stone lime used to each 50 gallons of the diluted wash to

thicken it. Five gallons of lime sulphur was placed in a barrel and

stone lime gradually added and slaked in it. This tended to combine

any free sulphur that remained. Water was gradually added, as

needed to prevent burning and at the conclusion of the slaking to make
up the wash to 50 gallons, thus giving a thickened wash of lime sulphur

at a dilution of 1 to 9. Other lots were made up by first slaking the

lime in large quantities, and adding the milk of lime to the diluted lime

sulphur.

This material was apphed by gangs of men, each of whom was sup-

plied with a gallon bucket and a three-inch varnish brush. Each man
was able to cover about 700 trees per day at a cost of one-fifth cent per

tree for labor and slightly over one-sixth cent per tree for material.

The material proved very successful and the most economical wash
that can be used on a large orchard.

THE ESSENTIALS OF INSECT CONTROL

By Thomas J. Headlee, Ph.D., State Entomologist of New Jersey

Introduction

It is purposed to treat this subject briefly from the standpoint of

the insect control official. It is understood that all consideration of

experimental studies so necessary to carrying on the control official's

work will be disregarded and attention centered on the routine work
of preventing insect pests in other states and in foreign lands from be-
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coming established within the control official's territory, and of pre-

venting insects already established within his territory from assuming

the character of serious pests.

Preventing Injurious Insects and Diseases from Becoming
Established

Control officials afe in substantial agreement that for preventing

undesirable insects from becoming estabUshed it is necessary to close

the channels through which they naturally enter. Differences of

opinion and practice obtain relative to the methods of closing these

channels. Some officials require merely that all nursery stock shall

come in under a regular certificate of inspection, totally ignoring the

fact that the certificate may mean much or little. Others require the

certificate and attempt also to determine to some extent the character

of the person or firm shipping goods into the protected territory.

Others require the certificate, inspect a certain percentage of the stock

and do or do not examine the standing of the shipper. Still others

examine all stock shipped in.

Examination of the various insect control laws shows conclusively

that the practice of depending on the certificate is considered unsafe

by many of the control officials. Indeed, the various discussions of

the nursery certificate, which consume a part of the time of this asso-

ciation practically every year, serve to show that dependence upon the

certificate as a means of preventing injurious insects and diseases from

entering the control official's territory is dangerous. Many attempts

have been made to better the certificate by making it state more

specifically what it means.

Doubt exists in the mind of the writer whether the attempt to make
the certificate more specific is really worth while in view of the fact

that such action is almost certain to increase the length of that already

in use or multiply the kinds used. Certificates are already as long as

will readily go on a shipping tag of convenient size, and any increase

in length is for that reason undesirable. The multiplication in type

means confusion to the agents of the common carrier and, to some

extent, both to consignor and consignee. A certificate properly dated

and signed is a certificate to the common carrier's agent and, speaking

generally, to the consignee. Further addition to the burdens of the

carrier's agents is likely to bring about disregard for the control offi-

cial's requirements. Furthermore, the consignee takes the certificate

to mean that the stock is not only free from the specified San Jose

scale and black-rot canker but from all seriously injurious insects and

plant diseases. The control official cannot escape responsibility for

the other parasites a given shipment may have by specifying the



April, '15] HEADLEE: ESSENTIALS OF INSECT CONTROL 273

troubles it may be free from. The certificate means to the consignee

a clean bill of health, and the moral responsibility of the control official

is not effectuall}^ minimized by specifying the particular pests from

which the stock is free.

That it is desirable for the control official to know just what the

certificate means should be granted without argument; but may this

not be obtained without either lengthening the present certificate or

multiphdng the type? At each of the last three meetings of this

association, it has been suggested in a more or less official way that

information relative to the species of insects which are held by him

to be seriously injurious should be collected from every control official,

and that this information should be printed and distributed among the

control officials of the United States. It is the writer's remembrance

that a committee was appointed to confer wdth the Federal Horticult-

ural Board relative to the matter and to induce the board to prepare

such a publication. It seems sufficient to say that, regardless of the

action taken, no such publication has ever been distributed.

The attempt to bring about the more complete closing of the channels

through which pests penetrate the protected territory, by investigating

the responsibility of the consignor in addition to requiring the regular

certificate is full of difficulties and would seem to offer little protection.

Its influence is almost entirely moral and, if unaccompanied by exam-

ination of a part) at least, of the incoming stock, can be expected to

affect only the weak and the strictly honest. As the members of this

association are perfectly aware, there is a common distinction between

personal and business honesty. In using the term "strictly honest"

the writer refers to the business conducted from the standpoint of

personal honesty. In so far as this investigation of the consignor re-

sults in keeping close track of the incoming shipments the results are

bound to be good.

The attempt to prevent the introduction of undesirable insects, by
requiring the consignor to furnish prompt information of each shipment

in addition to covering each by a regular certificate accompanied by
inspection of a considerable percentage of the stock received, is the

best method thus far developed w^hen the funds have been limited. By
such an arrangement the consignor knows that any one of his ship-

ments may be examined and that should any be found infested he will

be subjected to the closest possible scrutiny and the purchase of his

stock, perhaps, advised against. He is thereby almost if not quite as

effectually deterred from knowingly shipping infested stock as he

would be by universal inspection. The attempt to keep track of

incoming stock by requiring the common carrier to notify the control

official is an unsatisfactory method from the standpoint of practical

8
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inspection, because it usually does not give the inspector proper basis

for judging the importance of th^ shipment.

The attempt to prevent the importation of seriously injurious

insects by examining all incoming stock is theoretically the best method
possible. By it the chance of an injurious specie's obtaining foothold

would seem to be reduced to its lowest terms. As a matter of fact, it

is a question in the writer's mind whether the difficulty in choosing

and managing the large group of inspectors necessary does not counter-

balance the advantage gained by complete inspection: whether there-

fore the partial inspection carried out by a small number of capable

men, who, because of their small number can be more carefully chosen

and better paid, does not afford as great a degree of protection as that

given by the complete inspection.

The work of preventing insect pests of foreign countries from enter-

ing protected territory has onh^ been recently undertaken. The
discovery of brown-tail moth nests on pear stock from France appar-

ently first roused the control officials of this country to the necessitj^

of examining foreign stock. The fear of the introduction of the brown-

tail and gipsy moths in this manner was so great and the volume of

foreign stock likely to bring these pests so small that a large pro-

portion of the shipments was examined. The creation of the Federal

Horticultural Board, which followed the realization of this danger,

brought into existence a much-needed agency for the control of the

interstate and foreign shipments. This body has served the cause of

insect control well by closing the mails to unexamined plants, by so

organizing the importations that practically all shipments are exam-

ined, and by quarantining areas of infestation from which exceedingly

dangerous insects are likely to come.

It is well to observe, however, in spite of all of these agencies for

preventing insect spread that little by little many injurious species

are widening their distribution, and that, as the writer stated in a

former paper^ it is probably only a matter of time until their range

throughout the world will include all regions where food conditions

are favorable and climate bearable. The delay in their distribution

which it seems practicable to effect through control measures seems

likely to prove sufficient for their new environment to become adapted

to them, and for the natural enemies, which attack them in their old

homes, to become distributed in their new ones, thereby reducing them

to the position of the pests native to the country into which they have

migrated before they have had a chance to do great damage.

In New Jersey the control officials do not desire a change in the word-

ing of the nursery certificate or to have the consignor commit himself

^ Journal of Economic Entomology, Vol. VI, pp. 130-133.
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by any personal promise. They want a knowledge of what the certi-

ficates of the various control officials mean, to have information of

what is being consigned to persons or firms doing business in the state,

and to examine a considerable percentage of the total amount coming

in. Of course, it is their desire to examine all stock coming in under

a certificate with the meaning of which they are not familiar, all enter-

ing under a permit not backed by adequate inspection, and all which

comes from regions infested with exceptionally injurious forms.

Peeventing Outbreaks of Already Established Insects

Basing his opinion upon the insect and plant disease control laws

now in force in the different states and upon his experience in enforcing

laws of this sort in two different states, it seems to the writer that the

work of preventing the establishment of seriously injurious insects is

far more effectively done than is the work of controlling the outbreaks

of already well-established species. Year out and year in the standard

pests of the country gather headway in some parts of their range and

do large damage. Sometimes the coming outbreak is foreseen and

adequate preparations made to meet it, but rarely is this so. There

are certain great difficulties in the way of handling this problem in an

efficient manner. The first of these is the securing of adequate in-

formation as to the abundance of the obscure stages in different parts

of the area. The second is found in interpreting such data as may be

collected. The third is the placing of this information before the

public in such a fashion that the persons who should have it, will get

it and act upon it.

The problem of determining the abundance of the pest can be solved

only by extensive and continuous scrutiny—that type of scrutiny which

will keep the control official informed the year round as to just what
each stage of each pest is doing and how much above the normal the

existing density of the infestation is. A few control officials practice

this regular and satisfactory method of obtaining information to some
extent, but the number doing it is small and those that do make use

of it rarely attempt to cover the whole field.

The problem of interpreting the data thus gathered is difficult,

partly because the data of the findings and the results during the grow-

ing season of previous years are not only meagre but not organized in

such a fashion as to render them available and partly because the

effect of natural enemy and of weather conditions is too poorly under-

stood. We need the accumulation of experience along these lines

that comes only as the result of well-directed effort. The control

officials should begin this accumulation and the attention of experi-

mentalists should be drawn to this field of entomological work.
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The problem of laying this information before the persons concerned

in a really effective fashion (that fashion which will produce effective

action) is not by any means easy, but it seems to the writer less difficult

than the other two. With lavrs sufficiently powerful and proper

organization of the people who are to be protected, the adequate sort

of action could be secured.

Conclusions

It is the writer's strong conviction that the most efficient protection

of the control official's territory will not come through increasing the

complexity of certification but rather through that cooperation of

control officials which will give the information sought without

increase in red tape.

It is further the writer's belief that in its last anah^sis, the efficient

protection of the territory depends upon the more or less complete

examination of stock coming into it and that a very valuable pre-

requisite is advance information of the source, nature, extent, desti-

nation, probable date of arrival, and consignee of each of the various

shipments.

It is also the writer's conviction that the prevention of the establish-

ment of new pests is far more effective than is the control of outbreaks

of insects already established, and that the time is at hand when a

more satisfactory reduction of the latter must be effected.

[
Papers read hy title

]

NOTES ON THE ONION MAGGOT IN 1914

By A. I. Bourne, A.B., Massachusetts Agricultural College

In any treatment of the season's work against the onion maggot,

reference should be made to the general cHmatic conditions prevailing

in the spring of 1914, in so far as they had any bearing upon the experi-

ments undertaken.

The early spring in Massachusetts and especially in the Connecticut

Valley was in many respects unusual. Follow^ing a winter in which

were several intervals of very severe cold, there was a long period of

cold, rainy weather which continued well through April and into May.

This handicapped the farmer to a considerable extent, for except in

especially favorable locations, the land was in no condition to be worked

until very late, and so planting was much delaj^ed. The experimental

plots could not be handled until fully three weeks later than in the

previous year, and at least two weeks later than in 1912. As a result,

at the time when normally the onion flies begin to make their appear-

ance in the field to deposit their eggs on young plants, these plants were
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either just breaking through the ground or were not yet in sight. The

field work, therefore, was begun much later than before and ran until

late in the summer.

Upon frequent examinations, it was soon observed that the infesta-

tion was very slight compared with former years. Inquiry revealed

that this was noticed quite generally by onion growers in this region.

Along wdth this fact may be noted that two other very common pests,

the Colorado potato beetle and the squash bug, were also conspicuous

for their relative scarcity of numbers. Whether there was any direct

connection between the winter with its periods of severe cold, the late

spring season and this marked scarcity of these common pests which

normally occur in approximately the same relative abundance from

year to year, or whether it was mereh^ a curious coincidence, it is hard

to determine.

The season's work was planned in general to follow out the lines

begun the previous year, to corroborate the results of that season's

work, and secure additional data as to details of manipulation of the

various materials used.

Previous work had demonstrated clearly that remedies and methods

usually recommended for the control of the onion fly were out of the

question for use in large fields, both because of the initial cost of the

substances themselves, and the great expense for labor necessary to

prepare and apply them. Furthermore, most if not all of them de-

pended for the protection they gave, upon frequent renewals, all of

which made their expense mount up to a prohibitive figure. In fact,

their cost would often be higher than the loss caused by maggots, if

no treatment other than pulhng out infested plants during weeding

were given.

Therefore some method of applying treatment at the same time, or

in connection with planting, seemed to offer the best chance of success.

This was taken up in 1913, as reported in the April number of the

Journal of Economic Entomology for 1914. The results of that

season demonstrated that several of the materials used were of so

little value that further work with them was impracticable. In this

class were naphthalene, soluble sulphur, powdered tansy, oil of tansy,

etc. Some of these were out of the question because of cost and diffi-

culty of securing in large quantities, and some had a decidedly injur-

ious effect upon the growth of the onion. This was true especially of

naphthalene. It appeared to control the maggots but at the same time

seemed to prevent germination to a large extent. Other substances

did not appear to have any effect upon either the plants or the maggots,

at least when used in quantities practicable from the standpoint of

expense.
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Germination tests carried on during the winter furnished some
further light upon the relative values-of the different materials.

In the field experiments, only those materials which from the

previous year had appeared of value, were given a trial. The method
of application followed was that of using an ordinary onion planter

with the covering wheel removed. This left the seed uncovered in the

rows. The different substances were then applied on top of the seed

and the rows covered by hand. This manual work was necessary from

the fact that it was impossible to secure a machine with the supply

tank behind the seed dropper, and for several reasons the alterations

could not be made in time.

It was evident that the plants in rows which had been treated were

retarded to some extent in their early growth, as compared to those

in untreated or check rows. This caused the plants in treated rows

to appear above ground a few days later than in check rows, but as the

season progressed they apparently recovered from the slight early

check and in the latter part of the summer there was very little, if any,

difference apparent.

As mentioned above, the naphthalene, when used alone, had a

decidedly injurious effect upon the germination and caused a very

irregular '^stand." However, when diluted by mixing with a substance

less powerful as a repelling agent, it appeared safe and,warranted a

continuance of its use in the experiments.

The scarcity of maggots in the experimental plots was very pro-

nounced. There were fewer infested plants found in both plots on

check and treated rows combined, than in former years had been found

in the check rows of one plot alone. In fact, the total number during

all the present season was less than one-half those found in 1913 in

the check rows of one plot. The number of check rows was the same

for both years.

This extremely light infestation at first gave rise to some doubts

as to the possibility of securing anything like trustworthy data. The

results that were obtained, however, from the whole season's records,

bore out in general those of the previous years, although on a smaller

scale, due to the meagre numbers of the maggots found.

The degree of protection given by the different treatments was ap-

proximately the same as before. This was also true in the relative

abundance of maggots in check and treated rows, so that although the

totals w^ere much smaller, their relative standing agreed with those of

the previous year.

It was very evident that for the successful working out of this plan

of applying treatment at the time of planting, a special design of

planter would be required. A machine was purchased which seemed
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to fit nearest the type desired. Several necessary changes were made,

howev^er, such as placing the feed or fertilizer tank so as to allow its

emptying behind the seed dropper, together with other alterations,

being careful all the while to keep the whole weight so well balanced as

to allow smooth running in the field and avoid clogging the seed dropper,

while still allowing enough weight on the covering wheel to cause it to

cover the soil over the rows and roll it down evenly. Considerable

time was given to this, and the aid of a high rate mechanic employed

to make the necessary changes. Circumstances prevented its com-

pletion and use during the present season, but in its employment an-

other year it is hoped that several of the factors of variation enter-

ing into the problem may be eliminated.and thus enable the securing

of more reliable data as to the relative value of the different treat-

ments, based on their effectiveness against attack.

THE APPLE FLEA-WEEVIL IN ILLINOIS

Orchestes caiiiis

By P. A. Glenn, Urbana, III.

In June, 1901, a small black rhynchophorous beetle was discovered at

several points in southern Illinois feeding upon the foliage of apple,

causing in some instances considerable damage. The species was at

first supposed to be Orchestes pallicornis Ssij, but was later ascer-

tained to be Orchestes canus Horn. This species was described b}^ Dr.

G. H. Horn in 1873 from specimens of adults from Michigan and Colo-

rado. So far as we have been able to learn, there is no further refer-

ence to it in entomological literature until 1901, when the first pub-

lished account of its injurious habits appeared under the title "A
New Apple Insect," in a paper read hy Dr. S. A. Forbes before the

Illinois State Horticultural Society and published in the Transactions

of that society for the year 1901. A more extended illustrated article,

prepared by ^Ir. Charles A. Hart, was published in 1911 in the Twenty-
Sixth Report of the State Entomologist of Illinois. A paper entitled

"The Apple Flea-weevil in Illinois," by Stephen A. Forbes, was pub-

lished in 1912 in Volume 46, Xew Series, of the Transactions of the

Illinois State Horticultural Society, and another paper entitled ''The

Apple Flea-weevil,'' prepared by the writer, w^as published in 1913 in

Volume 47 of the Transactions of the same society.

General Descriptiox' of Stages

The adult of the apple flea-weevil is about one-eighth of an inch long,

rather robust, and of a uniform dull black color throughout. The
ej^es are large, almost meeting in front, and the beak is only slightly
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curved and rather stout. The posterior legs are fitted for jumping, the

hind femur being enlarged. When disturbed, the beetle either jumps
or drops to the ground and feigns death.

The egg, which is deposited in the veins of the leaves, is smooth,

yellowish in color, rather bluntly rounded at the ends, and slightly

curved.

The larva is flat, j^ellow in color, and about three-sixteenths of an

inch in length when full-grown. The segments of the body are dis-

tinctly marked. The body is much wider and more bluntly rounded

anteriorly than posteriorly, the segments after the sixth decreasing

gradually in width, the last segment being very narrow and ending in

a rather acute point.

The pupa is white and resembles other rhynchophorous pupse of

nearly related genera.

HisTOEY IN Illinois

It was first found injurious to the apple at various points in southern

Illinois in June, 1901, by Messrs. E. S. G. Titus and Charles A. Hart,

who were at that time, as Dr. S. A. Forbes's assistants, making a

study of apple insects in that part of the state. It was again found by

Mr. Titus the following spring and by Mr. E. P. Taylor throughout

the same region in 1905, and by Mr. Hart in western Illinois in 1906.

The following is quoted from Mr. Hart's article in the Twenty-Sixth

Report of the Illinois State Entomologist: ''In Illinois we have seen

it or its characteristic injuries at about thirty different towns: In

Pulaski, Union, Jackson and Williamson counties in extreme southern

Illinois; in the prairie fruit region of Washington, Jefferson, Marion,

Clay, Wayne, Edwards and Richland counties; in Jersey, Calhoun and

Pike counties in the western part of the state; and in Coles and Chris-

tian counties in south-central Illinois. It is represented in our collec-

tions by several specimens labeled 'N. 111.,' and by one from Normal,

McLean county; and it will probably be found to infest apple trees

throughout the state."

During the last three years it has been more or less abundant in

all the southern and western counties above recorded. In some local-

ities the beetles were abundant enough to be of considerable economic

interest and injuries have been quite serious, especially in orchards in

which the foliage was scanty.

Character and Extent of Injury

The injury is caused both by the larvae which work as miners in the

leaves, and by the adults which feed upon the leaves. The injury

caused by the -larvae is very much less serious than that caused by the

beetles, but frequently the mines are so plentiful that nearly every
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leaf on the tree contains one or more. The beetles in feeding work on

the under sides of the leaves and eat out the soft tissues between the

veinlets, leaving the epidermis of the upper surface of the leaf unin-

jured. The pits thus made b^^ them are from one-half to one milli-

meter in diameter, and a num.ber of them are usually made together,

being separated only by the veinlets, which are left uninjured. Badly

injured leaves present a sieve-like appearance when viewed from be-

neath. A single beetle confined for several days on fresh leaves made
an average of nine such feeding-pits a day. Since the number of

beetles on a tree frequently equals the number of leaves, it will readily

be seen that they are capable of becoming a very serious pest. The
injury, however, is usually not very serious, but varies greatly in

different localities and in different seasons. The reduction of leaf

surface caused by the beetles varies from a fraction of 1 per cent to

50 per cent or more, of the entire leaf surface. A reduction of 50, or

even 25 per cent of the leaf surface in this way is a very serious in-

jury, since it not only deprives the tree of a large per cent of its food

elaborating tissues, but the removal of the epidermis of the lower sur-

face in so many places exposes the soft tissues of the leaf to the drying

effects of the atmosphere, and to the injurious action of spray mix-

tures, and opens the way for the entrance of the spores of injurious

fungous diseases, resulting usually in the total loss of badly infested

leaves.

/ Life-History and Habits

The insect is single-brooded. The winter is passed by the adult

among leaves and grass and under clods or in cracks in the ground,

under and near trees which they infest in orchards or woodlands.

These hibernating adults become active in spring as soon as the frost

is out of the ground, or about the last week in March in the latitude of

St. Louis; and ascend to the branches, there to await the appearance

of the leaves. As soon as the leaves appear they begin to feed on them,

and by the middle of April or a little later, begin to deposit eggs. The
eggs are deposited in the large veins of the leaves, in longitudinal

cavities gnawed out from the under side by the female. Egg-laying

continues for about a month, or to about the middle of May, after

which time the adults soon die. The egg hatches in four or five days

and the larva as it feeds constructs a mine extending toward the edge

and usually towards the tip of the leaf. When the edge of the leaf

is reached the mine becomes a blotch-mine. The larva matures in

about three weeks and constructs within the mine a sort of cocoon,

within which it pupates, and from which a few days later the adult

beetle emerges. These mines when fully developed are brick red in

color and are quite conspicuous. As a result of the wound made by
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the female in depositing the egg, a sweUing is produced in the vein

at the point where the incision was made, causing the vein to angle

upward shghtly at this point. The new generation of adults begin

to emerge about the middle of May, and continues to emerge till the

second week in June, and are to be found during the latter part of

May and the whole of June feeding on the foliage of apple and nearly

related trees in orchards and woodlands. By the latter part of June

they begin to descend to the ground and hide away among the leaves

and grass, and in the soil, where they remain for the rest of the season,

apparently without food, and during the following winter, to reappear

in spring. By the end of the first week in July all the beetles have

disappeared from the trees. These adults are quite active during the

month of June, and may be seen flying from tree to tree in the orchards.

For the rest of the season they remain dormant. When a leaf upon

which a beetle is resting is disturbed the beetle usually falls to the

ground and feigns death.

Food Plants

Larval mines have been found in the leaves of apple, crab-apple,

and Crataegus. The adult beetles feed upon the leaves of apple, crab-

apple, Crataegus, wild cherry, and choke cherry, and an occasional

feeding puncture has been found on leaves of pear trees growing in

apple orchards. When confined in a cage on pear leaves, they will

feed freely on them but will not deposit eggs in the veins. The adults

of the new spring generation evidently fly about considerabty, since

they are to be found throughout woodlands, near infested orchards

whercA^er the trees above mentioned are found.

CoNTEOL Measures

The serious injury caused by this insect in some localities during the

spring of 1913 made it seem advisable to devise some means of con-

trolling it, and the writer was selected for this work. Experiments

began June 10, 1913. At this time the hibernating beetles had dis-

appeared and the adults of the new generation were feeding on the

foliage in large numbers. The work was continued the folloT\ing

spring, beginning early before the hibernating beetles had emerged

from their winter quarters. The results of the experiments may be

briefly summarized under the following heads: Sticky bands, arsenical

sprays, and contact spraj^s.

Sticky Bands.—At the time when the experiments began many
beetles were seen crawling up and down the trunks of the trees. A
number of trees in a badly infested orchard at Newton, 111., were

banded with tanglefoot, with the expectation that many of the beetles
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would be trapped in this way. Five days later an average of 423

beetles was found on these bands. Two such bands were placed on

the trunks of several trees, and in three days an average of 656 beetles

to the tree had been -caught. The following spring 64 trees in this

same orchard were banded early before the beetles, had emerged from

their winter quarters, in the hope that they might be caught in large

numbers while ascending the trees. The first beetles to emerge in

spring were rather sluggish and attempted to reach the branches of

the tree by crawling up the trunk, but later when the weather became

warmer, many of them flew directly from the ground to the branches,

with the result that while the beetles which attempted to crawl up

the trunk of the trees were prevented from doing so, and many of them
were caught in the bands, others succeeded in getting past the bands

by flying. Many beetles crawling up the trunks of the trees were ob-

served to take wing and again alight on the trunk, and others flying

from the ground were also observed to alight on the trunk. Some of

these alighted on the bands and were unable to extricate themselves;

a large proportion of the beetles which were caught in the bands were

caught in this way, and for this reason the wider the bands were the

greater was the number of beetles caught. It was estimated that bands

from three to five inches wide placed about the trunks of trees re-

duced the number of larval mines in the leaves of the banded trees

about 50 per cent. Wider bands would be more effective but also more

expensive, and it is doubtful if it pays to go to the trouble and expense

of using a protective measure whose efficiency is only 50 per cent.

Arsenical Sprays.—Since the larvae of this species are leaf-miners,

there is no way of reaching them with arsenical sprays; but the adults

feed upon the tissues of the under side of the leaves and hence arsenical

sprays applied so as to cover the under sides of the leaves should

theoretically be effective. Sprayed orchards, however, have suffered

almost as badly as unsprayed ones. This fact may possibly be ex-

plained in several ways: viz., the beetles may be less susceptible to

poison sprays than other insects that are easily controlled by them;

the beetles may possibly be able to discriminate between poisoned

leaves and those not poisoned, and in this way avoid the poison;

the spray may not have been applied so as to cover thoroughly enough

the under sides of the leaves where the beetles feed; and lastly, the

sprays may not have been applied at the proper time.

By inclosing beetles in a cage with poisoned leaves it was found that

when they fed freely some died within a day or two while others lived

for a week or more, indicating that while they are not immune from

poisons, some are much less susceptible to poison than others, or else

feed less freely upon poisoned tissues.



284 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. S

By confining beetles in a cage containing unsprayed leaves, and
also leaves sprayed with various combinations such as arsenate of lead

and water; arsenate of lead, water, and flour paste; arsenate of lead

and soap; lime-sulphur; and Bordeaux mixture; it was found that the

beetles fed much more freely on the unsprayed leaves than on those

sprayed with mixtures containing either soap, lime-sulphur, or Bor-

deaux. Leaves sprayed with the arsenate of lead and water and with

arsenate of lead, water and flour paste were eaten nearly as freely as

the unsprayed leaves. It is probable, therefore, that the addition of

lime-sulphur or Bordeaux mixture to an arsenical spray renders it

ineffective, since they are both distasteful to the beetle and help it to

avoid the poisoned leaves. Later observations tend to confirm this

conclusion. This last spring the writer was in an orchard where the

flea-beetles were very numerous. The owner of this orchard had
sprayed several rows of trees with arsenate of lead and water, and

several adjoining rows with arsenate of lead and Bordeaux. Two
days later dead beetles were lying thick on the ground under the trees

sprayed with the arsenate of lead and water, but hardly any could be

found under the trees in the rows sprayed with arsenate of lead and

Bordeaux. The spraying in this case had all been done the same day,

the spray applied in the same manner in both cases, and the beetles

were equally abundant in all the rows at the time the spraying was

done. The difference in results must therefore have been due to the

fact that Bordeaux was used in one case and not in the other.

The beetles' habit of feeding almost exclusively on the under sides

of the leaves suggests the necessity of directing the spray upward,

rather than downward or horizontally as is usually done, especially

early in spring. In the spraying mentioned above, special care was

taken to cover the lower sides of the leaves, and the large number of

beetles poisoned in the one case is evidence that this method of

spraying is quite effective.

In one experiment 24 trees were sprayed with arsenate of lead, 4

pounds; flour (made into a smooth paste by scalding), 8 pounds; and

water, 100 gallons. The spray was directed upward so as to cover

thoroughly the under sides of the leaves, no attention being paid to

the upper sides, with a pressure of about 150 pounds per square inch.

Two days later dead beetles were lying thick on the ground. On a

canvas about 90 square feet in area, which was spread under one of

these trees as soon as the spraying was completed, 720 dead beetles

were found two days later. It was estimated that an average of over

3,000 beetles to the tree had been poisoned in this way, and that this

number represented between 70 and 80 per cent of the beetles on

the trees before spraying began. These results also indicate that the
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method of applying the spray so as to cover the under sides of the

leaves is at least moderately effective.

In order to determine the proper time to spray, one has only to

recall the seasonal history of the species. The beetles feed upon the

leaves of the trees about two weeks before egg-laying begins to any

extent. Egg-laying begins shortly before the trees come into bloom,

and continues for about four weeks. Spraying should therefore be

begun before the trees are in bloom, in order to destroy the beetles

before eggs for the new generation are deposited. If spraying with

arsenicals is delayed until after the petals fall, a large proportion of

the eggs will have been deposited and no amount of spraying at this

time or later can prevent the development of the larvae and the final

emergence of the adults of the new generation.

The adults of the new generation are to be found on the trees through-

out June, hence spraying to destroy these and so prevent them from

injuring the foliage should begin about the first week in June.

Many orchard men do not use an arsenical spray before trees are

in bloom and hence, for this reason alone if for no other, spraying has

proven ineffective so far as the development of the new spring genera-

tion is concerned.

It appears, therefore, that the apparent ineffectiveness of arsenical

sprays has been in a measure at least due to each of the four causes

above mentioned, and it seems very probable that by the observance

of the following suggestions satisfactory results will be secured: 1.

Increase the amount of arsenate of lead to 3 pounds of the paste to

100 gallons; 2. Omit the fungicide from the arsenical spray when spray-

ing to control the apple flea-weevil; 3. Spray with a pressure of 200

pounds or more, and direct the spray so as to cover the entire leaf

surface; and 4. Begin spraying while the fruit is in the cluster-bud

stage, spray again after the majority of the new generation of beetles

have emerged, and, if necessary, follow this spraying with another as

soon as possible.

Contact Speays.—In the early experiments it was found that the

beetles are very easily killed with kerosene emulsion and nicotine sprays,

the only difficulty being in getting the spray on them in sufficient

quantities. To accomplish this two large canvases were made, each

15 by 30 feet. These were spread beneath the trees while they were

being sprayed. The spray was driven under a pressure of 200 pounds

or more to the square inch, and directed upward so as to strike the

under sides of the leaves. As soon as the spray strikes the leaves the

beetles fall to the canvas, where they are killed by the kerosene. A
5 per cent emulsion is fairly effective, but a 7 per cent emulsion works

much better. Black-leaf-40, at the rate of 1 pint to 100 gallons of



286 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 8

water, is about as effective as an emulsion containing 5 per cent kero-

sene. This method works well when the trees are not too large and

the branches are trimmed up so that the canvases can be operated

without obstruction, but in orchards in which the trees are large, and

the lower limbs are so low that their tips r^st on the ground, it is very

difficult to spray thoroughly and to manipulate the canvases expedi-

tiously. The canvases used were made of heavy unbleached muslin.

Strips were nailed across the ends of each to facilitate the handling of

them. One by taking hold of one of these strips can drag the canvas

from one tree to another, and in this way tw^o men or boys can move
the canvases from one tree to another about as quickly as they can

walk the distance.

This method of combating the apple flea-weevil has the advantage

of giving immediate results, and of giving the orchardist the satis-

faction of seeing the beetles lying dead on the canvas at his feet as

soon as spraying has been completed. It has the disadvantage, how-

ever, of requiring an extra application for which the apple grower has

little time to spare, and hence will probably not be employed exten-

sively except as a last resort to reduce the number of beetles of the

new generation in June when earlier treatment has failed to suppress

them.

Fortunately, it is only occasionally that this insect becomes trouble-

some, and when it does, the apple grower will doubtless be able to

control it by making such alterations in his usual program and methods

of spraying with arsenicals as to adapt them to its peculiarities.

AN OUTBREAK OF THE ALFALFA LOOPER

{Autographa gamrna californica Speyer)

By J. R. Parker, Assistant Entomologist, Montana Experiment Station, Bozeman,

Montana

The most striking entomological feature of the season of 1914 in

Montana was an outbreak of the alfalfa looper {Autographa gamma
californica Speyer). This insect has been known to occur in Montana
for a number of years, but until the present season it has never been

abundant enough to be considered a pest of even the slightest impor-

tance. The sudden appearance of millions of looper larvae in the al-

falfa fields was so unexpected and unusual that farmers were throw^n

into a panic and requests for advice poured into the station from all

sections of the state. Many alfalfa growers were especially alarmed be-

cause they believed the looper to be the dreaded alfalfa weevil.
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Extent of the Outbreak

In Montana the insect attracted attention in all parts of the state

but was particularly injurious in the central and south central countries.

Definite records of injury were either reported or personally made in

the folloTN-ing counties: Sheridan, Dawson, Custer, Rosebud, Big Horn,

Cascade, Broadwater, Jefferson, Madison, Gallatin, Missoula, and

Sanders.

The outbreak in ^Montana was so widespread that we were much in-

terested to know how far it extended into other states and a letter of

inquirj^ in regard to the occurrence of the insect in 1914, was therefore,

addressed by Professor Cooley, to entomologists in all of the states

west of the 96th meridian. By this means it was learned that it had

been abundant enough to attract attention and do considerable injury

in the following states: South Dakota, Wyoming, Colorado, Oklahoma,

Utah, Nevada, California, Idaho and Oregon. Dr. C. Gordon Hewitt

wrote that it was also unusually abundant in southern British Colum-
bia and Alberta. Negative replies were received from North Dakota,

Nebraska, Kansas, Texas, Arizona, New Mexico and Washington.

The courtesy of the several entomologists who so promptly furnished

the above data is greatly appreciated and is here acknowledged.

The remainder of this paper is based on observations made by the

writer within the state of Montana, with the exception of several refer-

ences to statements made by entomologists in other states.

Seasonal History

During the first week in May a day-flying Noctuid moth attracted

attention in many parts of the state by its unusual abundance. In

Bozeman it was particularly abundant about currant blossoms, while

in the Clark's Fork Valley, thousands of the moths were attracted to

the apple orchards, where they caused some apprehension among fruit-

growers. INIr. T. H. Parks writes that in southern Idaho the moths
were particularly attracted to cherry blossoms. As a matter of record

a number of moths w^ere collected and were determined by Mr. J. A.

Hyslop of the Bureau of Entomology as Autographa gamma californica

Speyer. Because of this insect's former record the incident was con-

sidered of but little importance and was for the moment forgotten.

The writer happened to be in Billings on June 9 and there learned that

some insect was doing great damage to alfalfa on the Huntley Project

which is in the Yellowstone Valley about fifteen miles east of Billings.

The following day was spent in visiting alfalfa fields on the Project.

Everyw^here sweet clover and alfalfa were heavily infested with a

semi-looper which was recognized as the alfalfa looper.

At this time, June 10, the majority of the worms were in the third
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and fourth instars, although some had already pupated and there were
many that were still very small. The larvae were at the height of

their abundance on June 15 and continued in diminishing numbers
through the first week in July. From pupae collected in the field on

June 10, moths emerged June 25, other moths reared from the first

brood of worms emerged as late as July 30.

A second brood of laryae was expected in late July or early August
but so abundant were insect parasites and a bacterial disease that no

more larvae were observed at any time during the remainder of the sea-

son. Several adults were taken in the Gallatin Valley during the first

week in September.

Plants Attacked and Nature of the Injury

Sweet clover {Melilotus alba Lam.) was the favorite in a long list

of plants fed upon the larvae. Sweet clover plants standing in the

midst of alfalfa were generally stripped bare of all foliage, while sur-

rounding alfalfa plants were only partially defoliated. Alfalfa was
second only to sweet clover and because of its much greater abundance

was the plant by far the most generally attacked. When gardens were

invaded lettuce was most severely attacked and wild lettuce {Lactuca

pulchella D. C), was stripped to the stems wherever the loopers were

abundant.

Larvae were seen feeding upon the following hosts: Sweet clover,

alfalfa, red clover, white clover, alsike clover, flax, sugar-beets, corn,

lettuce, carrots, onions, peas, beans, cucumbers, muskmelons, water-

melons, squash, currants, gooseberries, raspberries, dock (Rumex
crispus L.), wild lettuce {Lactuca pulchella D. C), lamb's-quarters

(Chenopodium album L.) and sunflower {Helianthus sp.). From
Idaho, Mr. Parks reports the larvae as feeding upon apple foliage.

Grains and grasses were never attacked even where adjoining heavily

infested alfalfa fields. Sometimes the larvae would crawl to such crops

for the purpose of spinning their cocoons.

The first crop of alfalfa was nearly ready for cutting when the looper

larvae began to attract attention. In most instances the injury was

not noticeable from a distance, but upon close examination it could be

seen that a large percentage of the leaf area had been destroyed.

Where the infestation was heaviest, fields presented a whitened ap-

pearance quite similar to characteristic alfalfa weevil injury. It is

hard to state the amount of the injury to alfalfa as very few farmers

make a practice of weighing their hay each year. However, on the

Bureau of Plant Industry farm at Huntley, where careful records of

the weights of all crops are made each year, it was found that the yields

from the first cutting were approximately one-half ton less per acre
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than for several previous years. A heavy infestation of the alfalfa

looper was the only apparent cause for this sudden falling off in weight.

The yield was noticeably hght wherever the infestation was at all

severe. The quality of the hay obtained was also greatly lowered,

for the loss in weight was borne by the leaves rather than by the less

valuable stems.

Sweet clover was more severely attacked than alfalfa, but as very

little is grown for hay, no estimate of the loss in tonnage could be ob-

tained. Many patches growing wild were stripped entirely bare of

foliage and in some of them the larvae were astonishingly abundant.

One patch" was seen that was literally covered with loopers. On one

plant forty-five worms were counted on one small branch and the

remaining branches were just as heavily infested, while the ground

beneath was covered with a squirming mass of larvae.

When infested alfalfa was cut, thousands of loopers were left with

but a scanty supply of fresh green food and they at once began a mi-

gration to other crops. Such a migration was seen at Huntley. An
infested crop of alfalfa was cut on June 9 and on the following morning

a heavy migration of worms was taking place from the cut alfalfa to

an adjacent field of sugar-beets. In less than twenty-four hours from

the time the alfalfa was cut, twelve rows of beets at the edge of the

field had been eaten clear to the ground and others were much damaged.

The owner was attempting to save his beets by spraying with Paris

green, but so fast were the worms coming in that the damage was

done before the poison could take effect. He was advised to turn

water into an irrigating ditch that separated the two fields and by
this means the migration was stopped.

Many beet fields were invaded in like manner and their scalloped

and irregular margins were very noticeable as one drove along the

highways. However, beets that had been defoliated soon sent out new
tops and by harvest time could not be distinguished from those that

had escaped attack.

Gardens and some of the field crops were attacked in proportion to

their nearness to infested alfalfa and sweet clover. A half-acre garden

which had been planted to squash, melons, cucumbers, beans, peas,

corn, and beets was seen about ten days after it had been invaded by

loopers from a neighboring alfalfa field. Not a vestige of the squash,

melons, or cucumbers remained; beans and peas existed only as bare

stems; corn was badly eaten and beets were sending out new tops after

having been eaten to the ground.

Many patches of melons that were attacked made a new growth

and set much fruit, but a set-back of several weeks in a growing season

which at the best is short, was sufficient to prevent the melons from

ripening before the coming of fall frosts.
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In several fields observed,, flax was stripped of its foliage, but new
leaves were very quickly developed and the yield was not materi-

ally reduced.

Gooseberries, raspberries, and currants were attacked only where

the worms were very abundant and other food was scarce.

COXTEOL

The outbreak was so sudden, unexpected and of such short duration

that experimental work in control could be carried on only in a very

hmited manner.

Paris green at the rate of 1| pounds in 50 gallons of water, and arse-

nate of lead at the rate of 4 pounds (paste) in 50 gallons of water AA'ere

effective in killing loopers, but in the case of heavy migrations some

method more immediately effective must be employed.

One farmer reported that a dry ditch with the soil at the sides well

puh'erized was an efl^ctive barrier. Another reported kilhng many
worms in his beet field by rolling as it is practiced at thinning time to

break the surface crust.

The most successful method of preventing the larvse from invading

crops other than alfalfa was to keep a stream of water flowing through

the main irrigating ditches. On the Bureau of Plant Industry farm

at Huntley, a count was made of the worms carried past a certain

point on an irrigating ditch three feet in width. It ran close to four

hundred worms per minute or 576,000 per day. Xearly all of these

were drowned and those that escaped were carried into a section where

there were no farms. Some of the worms sink immediately when

placed in water, while others will float for some time. Once in the

water, they seem unable to get out, unless they become lodged against

projecting weeds, sticks, etc.

The immediate cutting of infested alfalfa, followed by cHscing and

dragging, as is practiced in Utah for the alfalfa weevil, was recom-

mended, but because of the presence of natural enemies no data as to

the eft^ctiveness of these measures were secured.

Xatueal Enemies

Birds destroyed great Ciuantities of looper larvae. Brewer's black

bird was of great benefit in this respect and could be seen in large

flocks feeding upon the caterpihars at haying time.

Insect parasites and disease were deadly in their attacks upon the

hordes of worms, killing them oft' in such numbers that the second

brood of larvse did no damage and in fact was never seen, although a

few adults were observed in September. The most eft'ective of these

natural enemies were two species of Apcniteles and a bacterial chsease.
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Their presence was not noticed until after the worms had reached the

height of their abundance, but during the last week in June the white

cocoons of the hymenopterons and the blackened and putrid bodies

of worms killed by disease were to be seen everywhere in the infested

territory.
*

In the Bureau of" Entomology bulletin 95, Part YH, the author,

Mr. James A. Hyslop, makes the following statement: ''The alfalfa

looper has been held in check by a number of parasites and a disease

. . . . The time may come, however, when these natural enemies

may themselves suffer reverses and temporarily fail to hold the pest

in check." Mr. Hyslop's prediction has certainly come true and the

wisdom of collecting and publishing biological data concerning insects

that are not of immediate economic importance is again emphasized.

THE CITRICOLA SCALE

{Coccus citricola, Camp.)

By H. J. QuAYLE, Citrus Experiment Station, Riverside, California

Six or seven years ago some of the horticultural officers of southern

California, particularly Mr. Cundiff and Mr. Pease, horticultural com-

missioners of Riverside and San Bernardino Counties, had observed

cases where fumigation was not effective against what was supposed

to be the soft brown scale {Coccus hesperidum) . In these cases, too^

the scale was generall}^ distributed over the old trees in the grove, while

usually the soft brown scale occurs more commonly on young trees

or a few twigs or branches of older trees. Some specimens of what was
supposed to be this new variety of scale were at the time sent to the

Bureau of Entomology as well as to the writer. The scales were iden-

tified in both cases as C. hesperidum. But further general observations

showed that the scale in question was very sparingly attacked by
parasites, and that ants were not attracted to it in large numbers, both

points being the reverse of what is true for C. hesperidum. At about

the same timie this variety was discovered at Claremont, and it was
identified by Mr. Essig as Coccus longulus and later as C. elongatus.

When an incidental study of this scale was started by the writer in,

1911, it did not appear to agree positively with any of the species that

it had previously been placed under. In 1913 Mr. Roy E. Campbell

was engaged as an assistant to work particularly on this scale, and as

a result of these studies, it was determined as a new species and was
given the name of Coccus citricola.'^

This scale is now known to occur over widely separated localities

in California and attacks citrus trees primarily. It has been found also

1 A New Coccid Infesting Citrus Trees in California. By Roy E. Campbell, En-
tomological News, Vol. XXV, May, 1914.
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on pomegranate, nightshade, elm, and Enghsh walnut where these

occur near infested citrus. Its origin is at present unaccounted for,

but further studies may place it under some foreign form already de-

scribed. The fact that it is a pest at present of citrus entirely and has

not been taken on any native plant seems to indicate that it has been

introduced.

The citricola scale has spread very rapidty in some sections. While

it was practically unknown in Tulare County two years ago, it now^
occurs in most of the citrus sections of that county. It occurs in

such abundance in some groves there that, on account of the weaken-

ing effect on the tree, fruit production has fallen off as much as 50 to

75 per cent. Fumigation and scale control was unknown in that county

until the present year, but during this season a very general inaugura-

tion of such measures has been made. Excepting in a few localities, the

infestations in southern California are not so severe as in the San

Joaquin sections. The further fact that this scale is susceptible to

fumigation for so short a period makes it an important economic factor

/ in the citrus industry of California.

Aside from the general economic differences between this species

and C. hesperidum, the life-history and habits differ in the two species.

C. citricola always deposits eggs which may hatch immediately or after

a day or two. In C. hesperidum the young are brought forth alive.

There are several generations a year of C. hesperidum, while there is

but one or a partial second in the case of citricola. Many of hesperidum

may mature on the leaves, while citricola invariably migrates back to

the twigs.

The young of C. citricola began to appear in 1914 about April 20

and continued until August. They settle on the leaves almost entirelj^,

and mostly on the under side. In November and later they migrate

back to the twigs. During the summer, fall and winter, they grow

but little but rapidly mature in the early spring. The first molt occurs

approximiately one month from birth and the second molt a month

later.

The following identified species of parasites have been reared from

this scale: Coccophagus lunidatus How., C. lecanii, C. flavoscuiellum

How., Aphycus Jiea,r flavus. One or two others are not yet identified.

A peculiarity in the control of this species is that it becomes very

resistant to fumigation after early in September. No evident changes

in the scale itself have been noted at this period. The black scale and

others at the same size would be very readily killed by fumigation.

Spraying has not proved to be very satisfactory, as is the case of all

spraying for scale insects on citrus trees. Fumigation, between July

15 and September 15, has proved satisfactory, and is the treatment rec-

ommended.
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OBSERVATIONS ON THE OVIPOSITION OF CERTAIN
CAPSIDSi

By Harry H. Knight

The scarcity of knowledge in regard to oviposition by members of

the family Capsidse led the writer to undertake observations on those

species of greatest economic importance in Genesee County, N. Y.

During the past surnmer the following species were observed and their

method of oviposition studied in detail: The Apple Red Bug (Hetero-

cordylus malinus Rent.) ; False Apple Red Bug {Lygidea mendax Reut.);

False Tarnished Plant-bug (Lygus invitiis Say); and Paracalocoris

colon Sa^^

While working in the field in cooperation with the Genesee County

Fruit Growers' Association, the writer has had an unusual opportunity

to observe these capsids over a large extent of territory. During the

present year (1914) the Apple Red Bugs have proved to be among the

most injurious insects attacking the apple in western New York. The
rapid development of both species as pests has been quite remarkable.

Described as new species in 1909 and life histories studied for purposes

of control the same and follomng years (1911), such has been the brief

history of these pests. It has been supposed that the apple red bugs

were native to the hawthorn and wild crab and from these'came over

to the cultivated orchards. This theory is well supported by recent

observations made in the field. On June 18, 1913, seven nymphs and

some adults of Lygidea mendax were collected on Cratcegus sp. in an

old pasture near an apple orchard where the species was likewise

abundant. Xymphs of both species were found abundant on haw-

thorn, wild crab, and wild apple trees May 24, 1914, at Portage Falls,

in the valley of the Genesee River. Characteristic injury caused by
feeding on the tender leaves and shoots was noted on all of these

plants. This localit}^ forms a natural and isolated breeding place for

both species with no cultivated orchards within a radius of two miles.

The Apple Red Bug {Heterocordylus malinus Reut.)

The eggs of both species (H. malinus and L. mendax) and places

where they are found have been described by Prof. C. R. Crosby

(1911) in an excellent bulletin on these insects. No observations are

recorded giving the time and manner of the deposition of the eggs.

The first adult of the apple red bug {H. malinus) was taken June 7

but the majority of the species matured about June 12. Daily ob-

servations were made on the adults confined in cages and under natural

^ Contribution from the Department of Entomology of Cornell University.
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conditions on the trees. By June 19 many females were noted to be

heavy with eggs but none were observed to oviposit until June 21.

For purposes of photography the females were caged on suitable

apple branches under large glass cylinders. The best results were ob-

tained by keeping but one female in a cage. On the morning of June

-23, four different females were observed while ovipositing. When a

female is ready to oviposit she moves up and down the branch patting

the surface with her antennae and touching the wood here and there

with the tip of the proboscis. In this manner one spent six minutes

searching for a place to oviposit. Another individual required fifteen

minutes before a suitable place was found. The female begins to drill

the hole by means of the proboscis (Fig. 1, pi. 11). This operation may
require from five to eighteen minutes before the hole is ready for the

insertion of the ovipositor. After drilling the hole with the beak, the

female arches the abdomen, stands as high as possible, then unsheaths

the ovipositor and thrusts it forward to locate the place prepared

(Fig. 2, pi. 11). The head is turned under with the tip of the proboscis

in the hole to help guide the ovipositor. Even with this assistance the

insect is not always successful. One female was observed to make seven

attempts before inserting the ovipositor. Most individuals make two

or three attempts before succeeding. After each failure, the hole is

inspected and worked upon, for a time with the beak. Once the ovi-

positor is started, the abdomen is worked up and down with a rapid

jerky motion until the ovipositor is inserted nearly to its base (Fig. 3,

pi. 11). An alternate contraction and expansion of the abdomen then

occurs while the egg is being worked down into position. This opera-

tion requires about two or three minutes. The ovipositor is then with-

drawn and a rest of three to five minutes follows before inserting the

second egg. After this interval, the hole is again located by means of

the antennae and beak and then the operation of inserting the oviposi-

tor is repeated. In some cases only one egg was laid in a place but two

€ggs appear to be the normal number. In one instance a female laid

two eggs in each of three holes which were close together. All these

eggs were placed in a line forming a ring at the junction where new
growth started in the spring from a terminal twig (Fig. 6, pi. 11). An-

other favorite place is at the base of a new fruit spur. Figure 5, pi. 11,

shows how such a spur was broken out and two eggs left exposed. The

eggs are slightly curved and follow the cambium layer without pene-

trating the solid wood.

On June 21 seven females of H. malinus, apparently in an egg-laying

condition, were captured on hawthorn at Portage Falls, N. Y. These

were brought to the insectary and placed in cages on suitable apple

branches. Two of these females were observed to oviposit on June
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23. On the morning of June 24, one individual was photograplied

while ovipositing on apple. This female was then placed on a branch

of Cratagus sp. and other photographs were obtained the same after-

noon (Fig. 1, pi. 11). Thus it is seen how easily the species may go

from ha^-thorn or wild crab to the cultivated apple.

The number of eggs laid varies with the individual from day to day.

One female was observed to oviposit in six different places between

10.00 a. m. and 12.00 o'clock noon. This same female was observed

to oviposit daily from June 23 to June 27, but died on the 28th. One

female captured June 21 and kept in a cage was observed to oviposit

as late as Jul}^ 5 but was found dead on the 7th. Several females were

captured July o on Crataegus and wild apple trees near Attica, X. Y.

The ^\dld fruit showed characteristic red bug injury as seen in culti-

vated orchards (Fig. 11, pi. 12). Two females heav}^ with eggs were

captured on quince, July 11, at Byron, N. Y. Characteristic injury

was observed on the quince fruit. Four females were taken on Crqke-

gus sp., July 13, near Batavia. One of these individuals lived in the

insectar}^ until Juh' 17. Xo more specimens were taken after this date.

False Apple Red Bug {Lygideo. mendax Rent.)

Lygidea mendax matures from seven to ten days later than H. raali-

nus. The first adult was captured on June 14 but the majority of the

species matured about June 20. Several females were watched closely

but no eggs were obtained until Juh' 8. The adults m.d,y be seen to

feed on the branches T\dth proboscis deeph^ inserted for several min-

utes at a time. These holes are never used for inserting eggs. When
ready to IsiX, the female moves about over the twigs searching for

lenticels on wood of the previous year's growth. Several of these may
be tested with the tip of the beak before one is selected for ovipositing.

The behavior of this species is very similar to that of H. vialinus.

The lenticel is drilled out by means of the proboscis. One female re-

quired ten minutes for this operation. Three attempts to insert the ovi-

positor failed but on the fourth she succeeded (Fig, 4, pi. 11). It took

two and one-half minutes to lay the egg. After an interval of four

minutes, she returned to the hole and upon the second trial inserted the

ovipositor and laid an egg. After this the wound was sealed by means
of the proboscis. The lenticels are normally light colored but after

being injured by the process of oviposition, they appear reddish brown.

By this means one soon learns to locate those containing eggs. The
normal number of eggs laid in a lenticel is two but in seven cases only

one egg was found (Fig. 7, pi. 11). The eggs are placed in the cambium
at such an angle that the lower ends may rest on solid wood and their

tips be 1.5 mm. apart.
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In order to get pictures of the bugs laying eggs, it was found that

time could be saved by caging them for two days on leaves only, and
then placing them on suitable branches before the camera. They are

usually ready and anxious to deposit eggs by that time.

Females were observed ovipositing on the trees as late as July 18.

Specimens were still on the trees July 22, but most of them disap-

peared with the cold rains that followed. A search was made on July

27 but no specimens were obtained on trees where they had formerly

been abundant. This species was found numerous on hawthorn and
wild crab along with H. malinus at Portage Falls, N. Y. The species

has also been found breeding on quince trees.

The False Tarnished Plant-Bug {Lygus invitus Say)

This Capsid causes serious injury to pears, and is well described in

a bulletin by Parrott and Hodgkiss (1913). The nymphs of this species

have been found abundant on pear branches where they injure the

fruits, but no records exist giving the time when eggs are laid or where

they are placed.

This species is perhaps the most difficult in which to observe ovi-

position of . eggs. Several females were kept in cages on pear branches

but only one individual was observed to oviposit. This observation

was made on the morning of June 26. Other females which were heavy

with eggs were observed daily to feed on pear fruit and on the branches

but no effort was made to oviposit. The female observed to oviposit

was first discovered when the ovipositor was inserted nearly to its base

in a fresh pear shoot of the present year's growth. After two minutes,

the ovipositor was withdrawn. The female turned, inspected the hole,

then moved along the branch about two inches. After five minutes,

she became very active and proceeded along the branch feeHng with

antennae and beak. She soon returned to the spot where eggs had been

placed before, and with proboscis to mark the opening, she raised up,

unsheathed the ovipositor and made the insertion much in the same

manner as observed in the case of apple red bugs. A period of two

minutes elapsed before the ovipositor was withdrawn. Upon examin-

ing the branch,, it was found that six eggs had been laid in a space 1

mm. long. The eggs were closely packed in a double row lying flat

just within the cambium layer (Fig. 8, pi. 12). Three of the eggs were

injured in opening the cavity, thus they do not show well in the photo-

graph. Of two eggs measured, the length is 1.05 mm. by .26 mm.
wide.

The nymphs and adults of L. invitus were found most abundant on

a row of Bartlett pears very close to a hedge-row of young elms and

black locust. On June 5, the nymphs were found on both the pear

and elm branches. Adults were reared from nymphs captured on the
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elm shoots. On June 25, adults were quite numerous on both elm

and pear trees. A search was made on the elm branches to see if eggs

were being deposited there. One capsid egg was found inserted in the

tender bark, which in size and appearance corresponded to that of

L. invitus.

On June 20, two females and one male were placed on pear branches

within a cheesecloth cage. The male died about the middle of July,

while the two females were alive on August 6, but dead on August 8.

No eggs were found in the branches. These adults produced character-

istic injury to a pear growing within the cage.

An Apple Capsid {Paracalocoris colon Say)

This is a species which was found rather commonly on apple trees

during the past summer. The brownish-red and white banded nymphs
may be found feeding on the tender shoots and foliage in a manner
similar to apple red bugs. However, the fruits which are punctured

do not develop such deformities and scars as result from feeding by
red bugs. The first adult was taken June 15. Oviposition was first

observed on July 3. This species oviposits in places quite different

from any capsid heretofore observed. The females prefer to oviposit

along the margin of dead wood, such as stubs caused by the breaking

off of limbs. Females which were caged on limbs free from scars did

not oviposit. Three individuals were induced to lay by placing them
on branches which had broken stubs (Fig. 10, pi. 12). One female was

observed to oviposit on the tree. In this case, the egg was placed in

the margin of a wound caused by the splitting off of a small branch.

The female prepared a place in the margin of the live bark by means of

the proboscis. The ovipositor is then thrust forward and worked into

place with a rapid jerky motion. It requires from three to four minutes

to insert the ovipositor and lay an egg. Five eggs were placed around

the margin of one stub, a new hole being made for each egg (Fig. 9,

pi. 12).

The egg is 1.2 mm. long by .2 mm. in width. It differs

from other Capsid eggs by having a white cap with two

keels that curve up and nearly meet over the top of the

egg (Fig. 13). The cap projects from the cavity as shown
in the figure, but is not conspicuous due to the uneven

character of the rough bark and surrounding wood.

Most of the eggs were deposited during the first two

weeks in July. The last specimen captured was a
female taken on July 28.

Fig. 13. Egg of Paracalocoris colon showing the cap with keels.



298 JOURNAL OF ECOXO-MIC ENTOMOLOGY [Vol. 8

Bibliography

1909 0. M. Retjter. Species described. Acta Soc. Sci. Fennicce, XXXVI. pp. 47.

71.

1911 C. R. Crosby. The Apple Red Bugs. CorneU Agr. Expt. Sta. Bull. 291.

1913 P. J. Parrott and H. E. Hodgkiss. The False Tarnished Plant-bug as a

Pear Pest. Xew York Agr. Expt. Sta. Bull. 368.

Plate 11

Fig. 1. Heterocordijlus malinus drilling with proboscis, preparing to oviposit in

Crataegus.

Fig. 2. H. malinus inserting the ovipositor.

Fig. 3. H. mnlinus with ovipositor inserted nearly to the base.

Eig. 4. Lygidea mendax with ovipositor inserted in lenticel.

Fig. 5. Two eggs of H. malinus laid at the base of a new fruit spur.

Pig. 6. Showing holes made by H . moMnus in ovipositing at the junction of new
growth and the old twig (enlarged).

Fig. 7. Bark removed to show egg of L. mendn.z (enlarged).

Plate 12

Fig. 8. Eggs of Lygus invitus as deposited in pear branch (x2).

Fig. 9. Bark removed to show egg of Paracalocoris colon laid at base of dead stub.

Fig. 10. P. colon at the point of ovipositing.

Fig. 11. Xatural fruit showing red bug injury.

Fig. 12. Crataegus leaves showing tj^pical red bug injury.

COTTON SEED OIL SOAP AS A SUBSTITUTE FOR WHALE
OIL SOAPi

By W. ^y. YoTHEHs,'Bureau oi Entomology, Orlando. Florida

Many people, including some entomologists, find the odor of fish oil

«oap very disagreeable. Especially is this the case if it is used on

plants in a conservatory or greenhouse. With a view to finding a

substitute for whale oil soap much experimenting was done with cotton

seed oil and the following formula was originated:

2 quarts of cotton seed oil, \

6 ounces of caustic potash,

1 quart of water.

Directions: Dissolve the caustic potash in the water and heat until

it boils vigorously. The oil then should be added very slowh^ It

should be added in such a way that the boiling should not cease. A
few minutes after all the oil has been added the soap is finished. Stir-

ring, of course, must be continued throughout the process.

This formula contains 63 ^/ lo per cent of oil, 31 Vio per cent of water and

somewhat less than 6 per cent of caustic. The product has about the

same consistency as ordinarj^ fish oil soap and is quite easily handled.

^Published hx permission of the Chief of the Bureau.
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About two years after this work was done it was found that this is

about the regular formula for the manufacture of soft soap from cotton

seed oil, as given in various publications. This formula can also be

changed so that it will contain from 43 to 50 per cent of oil and the

product resulting ^dll be quite satisfactory.

The experiments so far indicate that this soap can be used as a

substitute for fish oil soap and we would recommend that entomolo-

gists try this for greenhouse plants and other plants where the people

object to the odor of fish oil soap.

REARING OF MOTHS AND TACHINA-FLIES FROM LARV^
AND PUP^ OF ARMY-WORM IN NORTH

CAROLINA IN 1914

By Feaxklin Sher:\iax, Jr., Entomologist, State Department of Agriculture,

Raleigh, N. C.

In Vol. 1, p. 354 of this Journal, Prof. Z. P. Metcalf gives data on

parasitism of army-worm (Heliophila unipuncta Haw.) by the Ta-

china-fly {Winthemia 4-pustulata Fabr.). His data was secured from

worms collected during an outbreak at Durham, N. C, in August, 1908.

On July 29, 1914, the writer, with Mr. C. L. Metcalf, collected many
army-worms {H. unipuncta) near Xeuse, N. C, thirteen miles north

of Raleigh. These were sorted into lots according to the number of

parasitic eggs we could detect on each worm, and rearings were made

(1) by placing numbers of sinwlarly parasitized worms in the same

cages and (2) by placing individual worms in separate vial-cages.

All cages had one to three inches of moist sifted earth, and plenty

of fresh grass supplied so long as needed. Examinations were made
almost daily while developments were taking place. From the way
in which healthy wwms fed and grew I believe that few died from the

handhng or artificial conditions, though the mortality was high even

among those not apparently infested with insect parasites.

From 534 army-wwms, showing 1,313 parasitic eggs, we reared a

total of 18 adult moths,and 296 parasitic flies, these representing 220

Winthemia 4-pustiilata Fabr. (which was the only one reared by Prof.

Metcalf in 1908), 4^ Phorocera claripennis Macq., and 4 Goniomyia

unifasciata Desv., while 25 flies were mutilated, deformed and not

identifiable (these were in all probability of the first two species named
in this paragraph).

1

It was found that the larvae of W. J/--P'ustulata left the dead larval

host and went deeper into the soil (f to IJ inches) to form their puparia.

In no case where this fly issued did the host form the pupa, though the

^ Not taking into account a number of Sarcophagid flies which emerged in the larger

cages.
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occasional formation of the pupal cell was noted, and in every case the

fly-puparia were found free in the earth. The same held true for P.

claripennis so far as noted.

In cases where G. unifasciata was reared the host pupated and the

fly-parasite emerged from the pupal host.

We have preserved in our collections one army-worm with 16 evident

parasitic eggs—one with 17 eggs, and one with 34 eggs, these being

the highest numbers found.

The rearings from the army-worms collected at Neuse, N. C, and

which showed from 0 to 15 parasitic eggs per worm, are indicated in the

following table.

Eearings from Army-worms from Neusi:, N. C, 1914

Visible

Parasitic

Eggs per

Worm

Worms
Moths

Reared

Tachina-flies

.2 «
Flies

Fly

Per cent

Flies
.

to Fly

Eggs

0.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11,

12.

13.

14

15

158

152

192

144

150

144

126

112

45

50

11

36

26

14

15

20.83

26.97

32.81

27.77

23.3a

15.27

13.49

8.92

6.65

6.00

27.27

8.33

15.38

7.14

6.66

Totals. 534 220 271

+25*

1,313

296

* 25 flies were deformed, mutilated, lost, or otherwise not identifiable.

It will be noted that from 158 worms, .which bore no visible eggs, we

reared 15 adult moths (less than 10 per cent) and that 5 flies, all but

one of which were G. unifasciata, emerged. One moth issued from the

worms showing one egg each, one moth from worms w^ith 4 eggs each,

and one moth from worms showing 5 eggs each. No moths were

reared from 74 worms showing from 6 to 15 eggs each.
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While admitting that the numbers involved are not large enough to

furnish an absolute criterion, yet the per cent of fly-eggs which pro-

duced flies give some interesting suggestions. The mortality among
the flies (from egg to adult) was less among those w^here there w^ere 2

eggs per worm, than among those which had one egg per worm,—and

the mortality was still less when there were 3 eggs per worm. This

suggests that where there are only one or two eggs per worm, the worm
may have sufficient vitality to prevent the development of the parasitic

larva inside the host. The highest percentage of flies was secured

where there were 3 eggs per worm, and from this we may argue that

when the worm bears 3 eggs there are enough parasitic larvae to more
certainly kill the host before the larvae perish inside and the parasitic

larvae can still find sufficient nourishment to mature. The per cent

of flies maturing declines consistently when we pass above 3 eggs per

worm until we reach 11 eggs per worm, but beyond this point the

numbers involved in the rearings are certainly too small to warrant

conclusions. Indeed, I feel that all above 8 eggs per worm are sup-

ported by too httle data to warrant any real dependence being placed

on them.

We often reared 2 adult flies from one worm, in several cases, 3 flies

from one worm, and in one case we reared 4 adult flies {W. J/.-pustulata,

1 cf 3 9 ) from one worm which showed 4 eggs when caged.

One worm showed 3 eggs July 29; on August 3d it was still active

though two parasitic larvae had certainly entered, yet the worm
partially pupated and then perished, neither moths nor flies developing.

In no case did we secure both a parasitic fly and an adult moth from the

same worm, nor did Professor Metcalf note any such occurrence in 1908,

Rearings from Army-Worm Pup^
While looking into an army-worm outbreak in Haywood County

in the mountains of western North Carolina, I secured a lot of pupae

(not counted). From these we could not expect to rear W. 4-pustulata,

or P. claripennis which leave the dead larval host. But we included

a few separated fly-puparia which were found among the pupae in the

field. All were put in one cage. Result:

Army-worm Moths 23

f
Architas analis, Fabr 13 (6d^, 7 9 )

. n' 1
Goniomyia unifasciata, 'Desv. 10 (5cr, 5 9)

Tachma-flies < .
, , , ' . . ^Winthemia 4-pustulata, Fabr. Icf

[ Phorocera claripennis, Macq. 1 9

From the abundance of pupae in the field in Haywood County it was
evident that W. ^-pustulata and P. claripennis had not been so active

in subduing the worms as they had been at Neuse, where we found
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very few pupae after the larvae disappeared. Yet the fact that we
reared a specimen of each from the stray puparia collected shows that

both species had been present. These army-worm pupae yielded as

many flies as moths, approximately equally divided between A. analis

and G. unifasciata.

These rearings and observations taken together with those of Pro-

fessor Metcalf in 1908 indicate that W. 4-pustulata is the chief insect

parasite of the army-worm in the central part of North Carolina, and
that P. claripennis was also an appreciable factor in 1914. A.

analis and G. imifasciata both killed many pupae in western North

Carohna in 1914.

Braconid and Ichneumon parasites (Hymenoptera) were noted or

reared on only an insignificant percentage of the army-worms. Sev-

eral predaceous enemies were noted in the field but in no case enough

to be an important factor. We believe that bacterial diseases played

a part, but secured no confirmation on this. The largest natural

factor noted was the Tachina-fly family.

The indentifications are by Mr. H. E. Smith of the Bureau of Ento-

mology, Washington, D. C, to whom I desire to express thanks.

RELATIVE SIZE IN FUMIGATION

By C. W. WOODWORTH

The measurements now always taken in obtaining the size of fumi-

gation tents are the distance over the top and the circumference.

Most tables now in use are incorrectly calculated because equal values

have been given to both dimensions.

It will be evident at once that the distance over is changed with a

change either in the height or the diameter of the tree and that there-

fore it is the more important of the two.

The possibilit}^ of adding to this dimension an amount dependent

on the difference between the two measurements which will indicate

the proportionate size of a tent gives us a new and very convenient

and accurate method of rating a tree for dosage.

This we will call the ^'relative size" of the tent. If the proportions

of a tent remained constant the distance over could then be taken as

the relative size. Since the distance around always equals or exceeds

the distance over we may select as standard a tent with these two meas-

urements equal. The amount to be added to this to allow for wider

and shorter tents is one fifth of the difference between the two measure-

ments. Thus a tent 20 x 30 would have a relative size of 22 and should
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have a dose equal to that of a tent 22 x 22. It will not be necessary to

explain here why one fifth is the correct factor.^

The adoption of this plan of relative sizes makes it possible to pre-

sent a table of dosage in an exceedingly simple form, and to make the

adjustments for different degrees of leakage also very easy.

DOSAGE TABLE

Ounces of Sodium Cyanid

Relative Leakage xxx .25%x x x%
Size 64 61 58 56 53 50 47 44 42 40 37 35 32 30 28 26 24 22 20 18 16 15 13 11 10 ft.

40 36 32 28 24 20 18 16 14 12 10 9 8 7 6 5 4i 4 3^ 3 2| 2 1| 1| IJ 1 f § i

Relative size equals distance over the tent plus one for each 5 ft. of difference between the

measurements.

Leakage more than .25% is read to the left and if less to the right, one number for each .05%
more or less than .25%. Do not fumigate trees smaller than number of feet equal to .00% of

leakage. Holes produce leakage requiring the use of the next number to the left when equiva-

lent to a triangular tear half as many inches long as relative size and quarter as wide as long.

Stronger dosage for purple scale may be read one or two numbers to the left and

Weaker dosage for black scale one or two numbers to the right

Acid corresponding with any dose is given 2 numbers to the left and

Water 3 numbers to the left of the acid dose.

In the foregoing table the approximate size of the minimum dose is

indicated by asterisks except for .25 per cent which is printed to em-
phasize that this table is for that degree of leakage.

The first line of figures gives the relative sizes corresponding with

the doses on the following line. The intervals range from 1-3 and the

dose intervals from J oz. to 4 oz. This corresponds quite closely with

previous tables and with actual practice.

The table in fact will be soon memorized. It will be noticed that

the intervals of the upper line just above 10 and 15 are 1 and that other

intervals are two except just below 35 and 40 and above 44. The
doses corresponding to 10, 20, 30, and 40, are f, 2J, 5, 9, and with 64

is 32 oz. The intervals in the dose line are by quarter ounces to 2, half

ounces to 5, ounces to 10, two ounces to 20 and four ounces to 40.

The acid and water dose is usually calculated mentally; if to be read

from the table cut a card as wide as five numbers. ' Held against the

table the two corners will indicate cyanid and water and a line on the

card may be drawn to point to the acid dose. Or prepare a card by
cutting out a hole or notch wide enough to enclose five numbers and
have- this line to indicate acid as before.

The mental effort in calculating the relative size will not be found to

1 Bulletin 220, Cal. Agr. Exp. Sta., p. 5.
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be difficult and is decidedly easier than the process of adding the two
figures which is now done in obtaining the distance over.

A few examples will help in understanding the process. A tent 20

X 30 gives a relative size of 22 (difference 10 giving 2 to add to the 20)

and the dose given on the table under 22 is 3 oz. 25 x 37 gives a dose

a little over 27 and the dose of 28 which is 4J oz. would be correct.

Where the leakage is not .25 per cent or other factors enter into the

calculation, the process is still very simple and easy. Thus mth a

.30 per cent, 23 x 28 tree, the dose would be 4 oz. instead of the 3J
shown in the table based on a .25 per cent leakage.

Taking about the most complicated case—a 20x26, 15 per cent tent,

with rents amounting to 10 sq. in., determine the weakest dose for

black scale. The size would indicate 3 oz. and the dose would have

dropped to 2 oz. because of the tight tent-^but for the holes which

moves the number to 2| and finally the weak dose for black scale

drops it down two intervals to If which is correct under these condi-

tions.

If one had in this case a .30 per cent leakage the tent should not be

used because the relative size is less than 30 and efficient fumigation

is not to be expected.

There can be no doubt that all these factors should be taken into

consideration in fumigation if the best work is to be done and this

dosage table may help to remove the difficulties which have hitherto

seemed to the fumigators to be insurmountable.

THE USE OF WATER UNDER PRESSURE FOR THE CONTROL
OF MEALY BUGi

By W. W. YoTHERS, Bureau of Entomology, Orlando, Florida

Owing to the ineffectiveness of spraying with insecticides for the

control of mealy bugs in Florida it is interesting to know how a citrus

grower controlled this pest successfully. These results were obtained

by Mr. A. H. Brown, manager of the Atwood Grapefruit Company,

Manavista, Florida.

This grove of more than 200 acres is fitted with a high pressure ir-

rigation system throughout and hydrants are placed at intervals so

that hose 100 feet long when attached will reach all the trees. The

system furnishes about 60 pounds pressure. When used to control

the mealy bugs a nozzle made out of three-fourth inch pipe three feet

long is used. The end is flattened so that the aperture is about 1 inch

wide and one-eighth of an inch opening. Since the mealy bug con-

1 Published by permission of the Chief of the Bureau.
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gregates largely where the fruits touch, the stream is directed at these

places and the mealy bugs are knocked off on the ground. About
three applications of this irrigation system is sufficient to control

quite a severe infestation. This involves little extra expense since

the water is usually needed in a grove.

In view of the extraordinary success of this instance, it is certainly

advisable to experiment mth water sprayed under pressure from the

ordinary spraying machine. In view of the fact that as yet no insecti-

cide mil kill the mealy bug to any extent and no other system of spray-

ing is a matter of record, to my knowledge, I think Mr. Brown deserves

much credit.

ENTOMOLOGICAL MUSEUM OF THE UNIVERSITY OF KANSAS

The following is a tabulation of the number of species and specimens

:

Number of

species Number of

varieties specimens

in regular in regular

named named
collections. collections.

8,089 , 35,052
" " LepidopteTa 3,756 12,208
" " Diptera 2,244 6,741

1,304 3,912

1,064 3,724

Orthoptera 492 1,845

293

Exotic Coloptera 2,600 8,450

1,716981

Collections for studies in geographic distribution, varia-

tions and economic problems 190,000

Grand totals 20,803 263,640

Grand totals in Museum 284,451

SUMMAEY OF TyPES IN SnOW ENTOMOLOGICAL COLLECTIONS

Neuroptera 1

Orthoptera

.

15

Hemiptera 45

Coloptera 12

Diptera 490
Lepidoptera 100

Hymenoptera . . . 259

African Diptera 25

Total 947

10
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Scientific Notes

The Box Leaf Miner. There appeared in Newport in the spring of 1912 an insect

which threatened to be disastrous to the shrub known as boxwood. My attention

was first called to it when it was in the larval form in May. I recognized this

insect at once as a miner and endeavored to find out its life history, but being unable

to do so I have studied it with the following results

:

Beginning in May when the insect first seemed to gain life in the leaf, I watched it

grow until the first of June when it appeared to eat its way through the leaf and Httle

flies dropped to the ground, where, after struggling for a few moments suddenly

became possessed of wings and flying around at a distance of but a few feet from the

plant, soon mated and as near as I could tell seemed to lay their eggs in the upper

epidermis of the leaf. This went on for about six days when the flies suddenly dis-

appeared and I found large numbers of them on the ground apparently dead, and I

came to the conclusion that the male, after copulating, had died and the females

after laying their eggs had followed the same course. This was all that I saw of the

insect until about the 15th of August when little wart-Uke protuberances appeared

on the leaves and upon examination 1 found very small larvae again working there. I

paid very close attention, as I thought perhaps within a few weeks there would be a

new brood hatched, but I was somewhat dismayed when, after waiting for a couple

of months, I found that there was no new brood of flies but that the larvae had gone

into winter quarters.

Being thus assured of the life history of the insect I endeavored to attack it by
means of fumigation in the early spring, but failing in this I waited for the flies to

appear in June when I prepared as many as a dozen different contact sprays to kill

the insect when it appeared in its adult form. We sprayed the flies every other day,

making a total of three sprayings, and of all the sprays which I used there was none

which gave the immediate satisfaction as did that of soluble sulphur in the powdered

form, which 1 used at the rate of four pounds to fifty gallons of water. This was the

most effective spray which did not injure the plants and has worked successfully on

all estates where used.

H. C. Walker.

Conference of Officials engaged in Gipsy Moth Work. On February 13,

1915, a conference of officials engaged in gipsy moth work was held at the Boston

office of the Bureau of Entomology for the purpose of discussing gipsy moth condi-

tions in order to secure as much uniformity of work and general cooperation as

possible among those engaged in this project.

Dr. L. O. Howard, chief of the Bureau of Entomology, presided at the meeting and

the following officials and visitors were present

:

Dr. C. Gordon Hewitt, Dominion Entomologist, Ottawa, Canada.

Mr. L. S. McLaine, Assistant in Gipsy and Brown-tail Moth Work, Ottawa,

Canada.

Hon. W. T. Guptin, Commissioner of Agriculture, Augusta, Me.

Mr. E. J. Cady, Special Agent in Charge of Gipsy Moth Work, Portland, Me.

Hon. A, L. Felker, Commissioner of Agriculture, Concord, N. H.

Prof. W. C. O'Kane, Deputy Commissioner, in Charge of Moth Work, Durham,

N.H.
Mr. Harold L. Bailey, in Charge of Suppression of Insect Pests, Bradford, Vt.

Dr. H. T, Fernald, State Inspector of Nurseries, Amherst, Mass.
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Prof. A. E. Stene, State Entomologist, Kingston, R. 1.

Mr. C. W. Loveland, Assistant Entomologist, Providence, R. I.

Dr. W. E. Britton, State Entomologist, New Haven, Conn.

Mr. I. W. Davis, Assistant Entomologist, New Haven, Conn.

Dr. T. J. Headlee, State Entomologist, New Brunswick, N. J.

Mr. Philip B. Ayers, Secretary of Society for the Protection of New Hampshire

Forests, Boston, Mass.

Mr. E. L. Reynolds, Secretarj^ of Massachusetts Forestry Association, Boston»

Mass.

Mr. C. B. WiUiams, Mr. Ernest Hargreaves, and Mr. George H. Corbett,

Carnegie Scholars, who are studying problems in Economic Entomology in this

country; and a number of representatives of the Bureau of Entomology en-

gaged in all different hnes of investigation and field work which are being

carried on in connection with the gipsy moth project.

Other officials having charge of moth work in Massachusetts, New York, and Ohio,

were not able to be present at the meeting.

The meeting was called to order by Dr. Howard and a statement was given by
representatives from each state and the Dominion of Canada concerning the pxisting

conditions and the methods which were being used to control both the gipsy and

brown-tail moths.

This was followed hy a brief statement by Dr. Howard, in which he indicated that

Federal work on these two insects had been brought about largely because of the fact

that the states infested were attempting to control these insects. He further stated

that there seemed to be httle disposition on the part of Congress to discontinue ap-

propriations so long as it could be shown that the states were doing their part in

stamping out these pests.

Statements were then made by members of the Federal gipsy moth force in regard

to the different hnes of work which were being carried on and the results which have

been accomphshed.

The parasite and other experimental work was briefly outlined by the writer, and
the sylvicultural work, scouting work and quarantine work, was discussed by Messrs.

Clement, Worthly and Rogers.

At the afternoon session a general discussion was taken up in regard to the desira-

bility of more uniform legislation in the different states and suggestions were made
relative to changing some features of existing laws so as to bring about better results.

Sufficient time was available, so that different men in attendance had an opportunity

to discuss features of the work in which they were most interested, and it was the

opinion of those present that much benefit and a better understanding of conditions

in different parts of the infested territorj^ would result.

During the conference it was brought out that a change in the gipsy moth quaran-

tine regulations was pending and that the Federal Horticultural Board expected to

permit the shipment of Christmas trees and Christmas greens in the fall of 1915,

after they had been inspected. The pr-esent regulations do not permit the shipment

of material of this sort outside the areas under quarantine for the gipsy moth. It

was the opinion of those present that Christmas trees and greens could not be satis-

factorily inspected, owing to the large amount of material which is moved in a short

period of time.

On motion of Dr. Hewitt, the thanks of the meeting were extended to Dr. Howard
and the wTiter for calling the meeting and it was voted to hold a similar meeting

next winter.

A. F. Burgess.
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Juniper Plant Bug (Chlorochroa uhleri Stal.) This large, olive green stink bug
with pinkish markings is easily recognized and usually rare, though in June, 1894, it

was reported from Brockport, N. Y., as having nearly destroyed a crop of peaches.

Several years ago we found some eight or ten of these bugs on a small pine tree at

North Chatham, and the past summer reports of the unprecedented abimdance of

this insect, accompanied by serious injmy, were received from Air. IM. A. Soule,

Quaker Street, Schenectady County, N. Y. ]\Ir. Soule states that the bugs were

thick on sunflower seeds, that they injured green com and destroj^ed small peas

while still within the pods, the insects evidentl}^ piercing the' pods and drawing the

sap direct from the seeds, and in this waj^ preventing a normal development. To-

matoes were also injured and turned black at the point of attack within a few days.

Quantities of currants and berries were likewise spoiled.

Mr. Soule kindly forwarded a number of Uving bugs and we were able to verify

the reports so far as com and tomatoes were concerned. The insects repeatedly

estabhshed themselves upon the sm-face of a tomato, and after a time the slender,

chitinous lancets were forced mto the fruit to their full extent, the ensheathing labium

folding back near its middle as the head was pushed down until its lower margin

touched the surface of the fruit. One bug remained over a feeding puncture twenty-

seven minutes, repeated^ raising and lowering its head as it partly withdrew or

forced the lancets into the fruit. T\Tien the latter occurred the lancets were sup-

ported only by the tip of the labium and the tissues which they pierced. The next

day the fruit showed an oval, shghtly sunken area about a quarter of an inch in

diameter, the center being marked by a minute puncture. This injured spot became

more visible the second day, and later exhibited some discoloration. A similar injury

was also observed to kernels of sweet corn in the milk.

The Juniper plant bug was by far the most abundant species concerned in this

injmy, though the related Euschistus variolarius Pal. Beauv. was present in much
smaller numbers and was observed feeding upon both com and tomatoes. This

latter insect apparently experienced less difficulty in piercing the skin of the tomato,

though it did not drive the lancets so deeply into the fruit as to necessitate the folding

of the labium.

E. P. Felt.

A Cricket Predaceous on the Termite. T^Tiile observing a flight of termites

(Termes lucifugus Rossi) at Manhattan, Kansas, on October 6, 191-i, the writer no-

ticed a common field cricket (Gryllus pennsylvanicus Burm.) feeding on the termites

as they emerged from the ground. The cricket was between two of the holes

from which the termites were emerging and was devouring one termite after an-

other. During the fifteen minutes that the cricket was under observation it

caught and devoured eleven termites.

J. W. McCoLLOCH, Manhattan, Kansas.
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The comparative uselessiiess, so far as many complaints of insect

depredations are concerned, is apparent to practical entomologists,

because all too frequentty the presence of a pest in numbers is not

recognized until most of the damage has been done or it is too late to

accomplish much in checking the trouble. In some instances pre-

ventive measures should be adopted months before the outbreak

occurs, and frequently the probabilities are against a recurrence of

the trouble in the locality the next season. And, even if the latter

were the case, there are many chances against the adoption of timely

and effective control measures. These well-known conditions lead us

to raise the question as to the responsibility of the practical entomolo-

gist. Is there not an obligation upon him to forewarn his clientage

of a probable danger and the best methods of meeting the situation?

If this be true, and few will dispute it, have economic entomologists

discharged their full duty in this respect? We admit that forecasting

insect outbreaks has its perils and all statements of this character

should be most carefully qualified. It is frequently possible to make
positive statements respecting the probabilities of the next season or

the next few months, and, while this is often done in the case of a few

insects, we are by no means certain that entomologists have lived up
to their opportunities systematically. There is a constantly increasing

literature on insect outbreaks and their causes, and special studies

along this line may well be ranked as among the most practical inves-

tigations. This data should be used wherever there is an opportunity

and the American public trained to take advantage of the advance"
information available. Control before serious damage has been

caused is an infinitely better proposition than destruction of pests

after half the crop has been ruined. The value of preventive measures
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can hardly be emphasized too strongly. Next to that, we may well

dwell upon the preliminary signs of insect outbreaks in an effort to

accustom agriculturists to correctly interpret local conditions, espe-

cially in relation to unusual depredations. The usual, annual pests

are as a rule fairly well controlled. There is relatively greater loss

from insects which occasionally become very destructive, largely be-

cause someone fails to appreciate the significance of the preliminary

signs. The entomologist cannot hope to be in all sections of his ter-

ritory. He usually can have some type of fairly competent observers

in important localities and such parties, if possible, should be well

posted along these lines, and promptly report all suspicious develop-

ments.

Reviews

The House-Fly, Musca domestica Linn., Its Structure, Habits, Devel-

opment, Relation to Disease and Control, by C. Gordon Hewitt.

University Press, Cambridge, 1914, pp. i-xv, 1-382, figs. 104.

This exhaustive and valuable study of one insect is the outcome of investigations

continued over a series of years and is "primarily intended for the use of entomolo-

gists, medical men, health officers and others similarly engaged or interested in the

subject." It is a detailed anatomical, biological and ecological study of an insect,

duly correlated with the investigations of others, for the purpose of establishing a sub-

stantial basis for practical control work. A portion has been published earlier, but, as

pointed out by the author, the advances of recent years have been so great as to ne-

cessitate the rewriting of the entire work. Aside from the very full account of the

house-fly, other species occurring in houses are briefly noticed and their characters in

both larval and adult stages given. The pathogenic phase, a most important subject,

is considered in detail and occupies about 100 pages; chapters in this part dealing

with the dissemination of pathogenic organisms by flies, the carriage of typhoid

fever, the relation of flies to summer diarrhoea of infants, the dissemination of other

diseases, etc. The most approved control methods are summarized in chapter 26.

The author's personal knowledge of both Enghsh and Canadian conditions enables

him td discuss the matter from an unusually broad standpoint. The illustrations are

excellent, the colored figures being particularly good.

A bibliography of 37 pages indicates the ground which must have been covered in

the preparation of this work, not to mention the original studies of the author.

Both scientist and layman are indebted to this investigator for placing the information

regarding this most dangerous insect in such convincing and convenient form. The
volume is indispensable to aU desiring detailed information—a prerequisite to the suc-

cessful control of this pest.

Handbook of Medical Entomology, by Wm. A. Riley and 0. A.

JoHANSSEN. Comstock Publishing Company, Ithaca, N. Y.,

1915, pp. i-x, 1-348, figs. 174.

The developments in medical entomology have been so rapid and the subject

is of such vital importance, as to amply justify the preparation of this volume, a

work designed to "afford a general survey of the field, and primarily to put the
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student of medicine and entomology in touch with the discoveries and theories which

underlie some of the most important modern work in preventive medicine." This

volume is written by entomologists possessing a keen appreciation of the applied or

medical aspects of the subject, a viewpoint, we beUeve, essential to the most success-

ful prosecution of investigations along this line.

The first chapter gives a brief historical survey of the early suggestions regarding

the transmission of disease by insects. The next contains a somewhat detailed dis-

cussion of forms directly poisonous to man, that relating to spiders, ticks and stinging

insects being particularly interesting and demonstrating in a convincing manner the

errors sometimes characteristic of popular beliefs. About 60 pages are devoted to

species parasitic on man, ticks, Hce, mosquitoes and fleas—all represented by one or

more important disease-carriers, which latter receive special attention. .

The dissemination of disease by insects and their aUies—the foundation of medical

entomology—is discussed in its various phases in chapters 5-11, a total of about 100

pages. The more important disease-carriers are somewhat fully treated in this por-

tion of the work; house-flies, fleas, mosquitoes, tsetse flies, and their relations to

diseases indicate a portion of the field covered.

The necessity of identifying noxious forms has been met by tabulations of the

characters of dipterous larvae most Ukely to be encountered (p. 136), of flies frequently

mistaken for house-flies (p. 145) and of hominoxious arthropods, chapter 12. This

feature and the extended and weU selected bibliography add greatly to the value of

the volume, especiaUy for the investigator. There is a large series of excellent

illustrations.

The subject is world-wide in appHcation, vital in interest and the authors, by
painstaldng study and investigation, have produced a work which must be extremely

serviceable to an extended cUental.

The Apple Maggot, By W. C. O'Kane, New Hampshire Agricultu-

ral Experiment Station, Bulletin 171, pp, 1-120, 1914.

In this large bulletin Professor O'Kane has given us the results of a long and care-

ful study of an important pest. It is evident that no pains have been spared to make
the investigation thorough, and in consequence a great deal of valuable new data has

been obtained. The buUetin is written in a clear, simple, concise style. It is illus-

trated by two maps, sixteen photographs, one drawing and several charts of orchards

used in the experiments. Most of the photographs are good, but a few are of an

inferior character. Considering the comprehensive nature of the work and the value

of good figures, one feels that it would have been an improvement if more good illus-

trations had been added representing the various stages of the insect, either natural

size or both natural size and enlarged.

The bulletin begins with a good summary of contents. This is followed by an

excellent account of the early history, food plants, distribution and destructiveness

of the pest in North America. Then comes a discussion of its economic importance

in New Hampshire. The remaining eighty-five pages are devoted to an elaborate

account of the life history and habits of the insect, natural enemies, control experi-

ments and recommendations for control. The last four pages contain a good bib-

liography.

The subject-matter throughout has been well handled and due attention given to

each phase, except that it would probably have been better if another paragraph or

two had been added giving a more detailed account of the nature of the injury done

by the insect and the manner of distinguishing this from the injuries of other apple

insects or from the Bitter Pit disease, which is so frequently mistaken by fruitgrowers

for it.
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Of the many valuable data given, the following are some of the most interesting and
important, either as new contributions or confirming the conclusions of earher in-

vestigators.

The flies begin to emerge in New Hampshire some years as early as the last week
in June. The maximum emergence is reached the second and third weeks in July

and emergence is practically at an end by the middle of August. Egg-laying extends

from early July to the latter part of September. Adults may begin to oviposit inside

of a week. (It had hitherto been supposed that two weeks or at least ten days was
the minimum time between emergence and oviposition.) Efforts were made to deter-

mine the average length of time before oviposition but were unsuccessful. This was
due to the difficulty of getting adults to act normally in any kind of cage devised

The same difficulty made it impossible to determine either the average or maximum
length of life of individuals under normal conditions. There is only one brood a year

in New Hampshire. (IlHngworth has reported two from New York.) Eggs hatch

in from five to seven dsLjs. There is a very high mortahty of eggs or larvse or both

in all kinds of fruit. This is least in early apples and greatest in winter varieties, in

the latter case often reaching to 100 per cent. Larvse do not leave the fruit, except

in rare instances, until after it falls and has become mellow. The maximum issuance-

of larvae occurs from infested fruit dropping early in the ripening season. Some of the

factors that determine the degree of infestation of one variety compared with another

are: early ripening, aroma, and thickness of skin. These factors may act separately

or in combination. A small percentage of pupse do not emerge at the ordinary time

but remain two winters in the soil, thus making a two-year cycle. This tends to some

extent to complicate control measures. Soil fumigants can scarcely be relied upon as

a practicable or effective means of control. Cultivation does not control or have any

noteworthy effect on the insects. Pupse cannot in orchard practice be buried deeply

enough to prevent emergence. Firming the soil would seem to be impracticable as a

means of control. Poultry are helpful but usually are not available in sufficient

numbers. No kind of bait has been discovered that appreciably attracts the adults.

Sweetened poisons sprayed on the trees give very httle indication that they can be

relied upon to control the pest. The one great remedy is the destruction of infested

fallen fruit before the larvse can escape. The fact that the larvse will not emerge

until the fruit is mellow and that the great majority come from early ripening fruit

simplifies this means of control. Barnyard stock, especially sheep, hogS and cattle,

may be utihzed in the destruction of this fruit.

Such are some of the most important conclusions reached in this bulletin. The
evidence on which they are based seems in almost every case to be satisfactory. How-
ever, on the question of the \alue of spraying with sweetened poisons there is room for

doubt whether this method was given a fair test. It is clear that the author felt

satisfied that all the necessary conditions for such a test had been fulfilled. A careful

perusal of his experiments will show, however, that in no case was nearly all or even

half of an orchard sprayed, but only from one to three trees, and these were, so far

as can be learned, never farther than fifty yards distant from unsprayed trees and

usually much nearer. The experiments were planned evidently on the assumption

that the flies for the most part do not travel much through the orchard before begin-

ning to lay eggs or later. In our work on Cherry Fruit-Flies we at first tried this same

manner of testing the sweetened poison with the same belief about the habits of the

flies, but soon found that no satisfactory results could be obtained unless we sprayed

almost all the orchard. Once this discovery was made we were able to take the

worst infested orchards in the province and almost exterminate the pest in them. As

the habits of Cherry Fruit-FUes are very similar to those of Apple Maggot Flies, we
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are of the opinion that the sweetened poison spray should not be considered a

failure against the latter pest until it has been tested under different conditions. The

best test, we belie\ e, is to choose two isolated orchards, both badly infested the pre-

"vious year, and treat them alike in all respects, except that the one shall receive at

least three apphcations of sweetened poison (2 or 3 lbs. arsenate of lead to 50 gals,

water, sweetened with 1 gal. of cheap molasses), the first application to be made as

in Professor O'Kane's experiments, as soon as the earliest flies appear, and the others

at intervals of about 10 or 12 days. Both the upper and under surfaces of the leaves

should be covered to prevent the mixture being all washed off by heavy or prolonged

rains. If these occur the intervals between the apphcations may have to be short-

ened or in some cases an extra apphcation given. For best results no unsprayed

trees should be left nearer than about 200 yards from the sprayed trees. Cages

should be placed ov er the ground under the worst infested trees in both orchards to

compare the respective number of flies that emerge in each and thus act to some

extent as a check. L. C.

Insects of Economic Importance, Outlines of Lectures in Eco-

nomic Entomology, By Glenn W. Herrick, pp. 1-138, 1915.

This volume, as indicated by its title, is the outline of lectures given by the author

and presents in brief compass the salient facts regarding a large number of the more
important insects, together with a discussion of control methods, insecticides and
quarantine and insecticide laws. The arrangement is based upon the plant affected,

the enemies of all the principal fruit, field and garden crops both north and south

receiving due attention. There are also chapters on shade tree insects, the pests of

the various domestic animals and those occurring in the house. There is no discus-

sion of forest insects, presumably because this matter is taken care of in the College

of Forestry. The treatment is practical, necessarily condensed and with each ac-

count of an insect there are given several well selected references to additional

sources of information. Professional entomologists will find this a very convenient

manual; for the practical farmer or fruit grower there are excellent diagnostic ac-

<;ounts of the injuries caused by the various pests together with directions for their

control, while for the student we know of no better guide to the immediately practi-

cal side of apphed or economic entomology.
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Current Notes

Conducted by the Associate Editor

Mr. H. O. ]\larsh, entomological assistant, Bureau of Entomology, is temporarily

stationed at Phoenix, Ariz.

jMr. C. jMason has recently taken up the post of Entomologist to the Department
of Agriculture, Xyasaland.

Mr. A. Rutherford, entomologist. Royal Botanic Gardens, Ceylon, died February

3, from heart failure, following enteric fever.

Prof. G. Bentley, state entomologist of Tennessee, has been elected secretary-

treasurer of the newly organized Tennessee State Florists' Society.

j\Ir. R. Veitch, late entomological assistant to the Imperial Bureau of Entomology,

has taken up the post of entomologist to the Colonial Sugar Refining Company, Ltd.,

in Fiji.

Mr. Roy E. Campbell, scientific assistant, Bureau of Entomology, formerly sta-

tioned at Sacramento, Cal., will remove his headquarters there and establish a new
station at Hayward, Alameda County, Cal.

Dr. Frank L. Thomas, a graduate of the Massachusetts Agricultural College, has

taken up his new work as field assistant in entomologj^ at the Alabama Agricultural

Experiment Station at Auburn, Ala.

According to Science, Dr. Charles H. T. Townsend dehvered an address on "Ver-

ruga and Its Transmission," at the tenth annual banquet of the Tompkins County
Medical Society at Ithaca, N. Y., Februar}^ 16.

Entomological Assistant W. D. Edmonston and Entomological Ranger George

Hofer have joined Entomological Ranger Morris Chrisman, Bm'eau of Entomology,

in the investigation of forest insect conditions in the mountains of southern Arizona.

According to Science, two French entomologists, M. Reymond Morgon and M.
Andre Vuillet, have been kiUed in battle. The pubhcation of the Bulletin de Societe

Entomologique de France has been resumed.

AU divisions of the Bm^eau of Entomology, which are located in Washington, are

now housed under one roof, as the Bureau of Biological Survey has moved out of the

building, which is now devoted entirely to entomology.

Mr. C. F. Stahl, scientific assistant, Bm-eau of Entomolog}", has closed his station

at Jerome, Idaho, and is opening a new station at Spreckels, IMonterey County^

Cal., for the study of the curly-top leafhopper (Eutettix tenella Baker).

i\Ir. W. W. Yothers, Bureau of Entomology, has been in Washington for consulta-

tion on citrus work in Florida. Mr. Sasscer visited Florida, inspecting Government

plant introduction stations and looked after details of the enforcement of plant quar-

antines.

The work of the Sleeping Sickness Commission of the Ro3^al Society having now
terminated, Mr. W. F. Fiske and Dr. G. D. H. Carpenter are continuing their inves-

tigations into the bionomics of Glossina in Uganda under the dnection of the Imperial

Bureau of Entomology.
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Dr. W. A. Lamborn, late entomologist to the Department of Agriculture, Southern

Nigeria, has been appointed travelling entomologist in East Africa, under the Imperial

Bureau of Entomolog}', in place of ]\Ir. S. A. Xeave, and is engaged on Glossina work

in Xyasaland.

Mr. R. S. Leiby, for tw© and one-haK years assistant in insect morphology at Cor-

nell Universit}', is now assistant state entomologist of North Carohna, with head-

quarters at Raleigh, filhng the position made vacant b}^ the resignation of C. L.

Metcalf, who is now at the Ohio State Universitj'.

During January-, Air. Charles H. Popenoe, entomological assistant, Bureau of

Entomology, was engaged at Laredo, Texas, in what is recognized as the principal

onion-growing region of the South, in cooperation with Mr. M. M. High, in testing

a traction sprayer designed especially for onion fields.

Mr. Fred A. Johnston, entomological assistant. Bureau of Entomology, will close

the station representing this branch of the Bm^eau at Riverhead, Long Island, N. Y.,

and will establish a new station at Hart, Oceana County, j\lich. One of the most im-

portant economic projects will be the control of the pea aphis.

Sm^geon-General WiUiam C. Gorgas was awarded the Louis Livingston Seaman
medal for progi-ess and achievement in the promotion of hygiene and the mitigation

of occupational disease, at the annual exercises of the American IVluseum of Safety

held in New York on February 10. Congress, before adjom-nment, promoted him
to the rank of major-general in the medical department.

A general conference was held on December 18, at Washington, to consider the

danger of the introduction of the pink boUworm in the United States. The consensus

of opinion expressed was that the present situation demands a quarantine against all

foreign hnt, with a provision for the importation of such cotton only in states outside

of the cotton belt. It was also proposed that such southern miUs as require foreign

cottons be allowed to obtain it from stocks which have been in storage in northern

locahties for at least a year's time.

The Entomological Society of America elected, at the Philadelphia meeting, officers

as follows: President, Vernon L. KeUogg, Leland Standford Junior University; first

vice-president, J. S. Hine,Ohio State L'niversity; second vice-president, J. M. Aldrich,

L'nited States Bureau of Entomology"; secretary-treasurer, Alex. D. MacGilhvray,

L'niversity of Ilhnois; temporary secretary for summer meeting, E. C. Van Dyke,

L^niversity of Cahfomia; additional members of the Executive Committee, C. T.

Brues, Harvard University; W. A. Riley, Cornell University; T. D. A. CockereU,

University of Colorado; J. A. G. Rehn, Philadelphia Academy of Natural Sciences;

A. L. Alelander, Washington Agricultural College.

The reports on experimentation and demonstration control work against the Den-
drodonus beetles, carried on in the Yosemite National Park, Bureau of Entomology,

in cooperation with the Department of the Interior, with Entomological Ranger J. J.

Sulhvan as instructor on practical details, and on private lands of the McCloud River

Lumber Company, north of Mt. Shasta, in California, with Entomological Ranger J,

D. Riggs as instructor, show the following results: In the Yosemite Valley and vi-

cinity, at an elevation of from 4,000 to 7,500 feet, 302 Dendroctonus infested trees

were treated, consisting of yellow, Jeffrey, and sugar pine. The trees ranged in di-
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-ameter, breast high, from 12 to 68 inches, with an average of 31 inches. The average

cost of felling, barking, and the necessary burning, was S2.57 per tree. In the

Toulumne River and Tenaya Creek, drainage of the Yosemite Park, at an elevation

of from 8,000 to 9,500 feet, 2,018 infested lodgepole pine trees, ranging in diameter

from 14 to 52 inches, averaging 23.7 inches, were treated at an average cost of SI. 13

per tree for felling and bm-ning the bark on the trunks sufficiently to kill the insect.

Fifteen hundred and eighty-four infested trees were treated in this general area in

1913. The total number of trees treated in the Valley and Park, during 1913 and

1914, were 3,904, at a total cost for control work of $4,713.43, or an average of SI.21

per tree.

On the 17th and 18th of February the New Jersey Mosquito Extermination Associa-

tion held its second annual meeting at Atlantic City, N. J. The program was opened

by the president's address and a symposium on the special problems which have had

to be met in the practical work of mosquito control. Among the points new to mos-

quito work it was shown that on shut-in, low-lying, sewage-charged salt marshes, the

ordinary trenching was impotent to prevent mosquito breeding mider unusual com-

binations of tide, rauifall and cloudy weather. It was brought out that these diffi-

cult conditions were to be met by dikes, tide gates and low-head centrifugal pumps.

During the evening session Dr. L. O. Howard described the work of the Bureau of

Entomology on the mosquito problems of the lower INIississippi Valle)^ He gave

figures to show the great extent to which malaria reduces the profits of agriculture

through affecting the health of the laborers. He described the thorough and interest-

ing fashion in which the study of malaria carriers is being pursued in that region. Dr.

Jacob G. Lipman, director of the New Jersey Agricultural Experiment Station,

discussed the value of mosquito work in relation to the agricultural and urban develop-

ment of New Jersey. He showed how successful mosquito extermination could add

two hundred million or more to taxable values.

The morning session was opened by an account of the mosquito work in Connecti-

cut, given by Mr. B. H. Waldron. This paper was followed by an account of malaria

in New Jersey, in the course of which Dr. A. Clark Hunt showed that the prevalence

of malaria is much greater in certain local areas than is usually recognized. Dr. T. J.

Headlee showed that, from the beginning of the mosquito extermination work to the

year 1912, approximately $200,000 from all sources had been expended, $130,000

of which had been contributed b}^ the state and $70,000 by municipalities and private

individuals. He showed that property values within the protected zone had increased

by more than five and one-haK millions of dollars and that one and one-half milhons

of people were reHeved to a very noticeable extent from mosquito troubles. He
showed that, beginning in the year 1912, the county as a mosquito fighting unit had

developed to such an extent by 1914 that it was expending approximately $130,000

a year and affording protection from all species of mosquitoes to one and one-fourth

milhons of people.

Beginning in the evening and extending through the followmg forenoon addresses

were presented from the standpoint of the legislator, the freeholder and the tax-payer,

in the course of which it was clearly brought out that the people paying the bills were

satisfied with the progress of the work.

The following officers were elected: Dr. Ralph H. Hunt of East Orange, president;

Dr. William E. DarnaU of Atlantic City, vice-president; Dr. H. H. Brinkerhoff,

of Jersey City, second vice-president, and Dr. Thomas J. Headlee of New Brunswick,

secretary-treasurer.

Mailed April 26, 1915.



Vol. 8 JUNE. 1915 No, 3

JOURNAL
OF

ECONOMIC ENTOMOLOGY
OFFICIAL ORGAN AMERICAN ASSOCIATION OF ECONOMIC ENTOMOLOGISTS

F. M. Webster

L. O. Howard

C. P. Gillette

Editor

E. Porter Felt

Associate Editor

W. E. Britton

Business Manager

A. F. Burgess

Advisory Committee

P. J. Parrott

WiLMON Newell

W. E. Hinds

Publi»hed by
AMERICAN ASSOCIATION OF ECONOMIC ENTOMOLOGISTS

(3ONC0RD, N. H.

Entered u lecond-dau matter Mar. 3, 1908, al the potl-office ai Concord, N, H.,
under Act of Congress of Mar. 3, J 879.



CONTENTS

Proceedings of the Twenty-seventh Annual Meeting of the American Asso-

ciation of Economic Entomologists {Continued)

Flies which C&use Myiasis in Man and Animals—Some Aspects of the

Probiem ^- ^- Bishopp 317

Kerosene Traps as a Means of Checking up the Effectiveness of a Poi-

soned Bait Spray to Control the Mediterranean Fruit-fly, CeroMtis cap-

iiaio-, with a Record of Beneficial Insects Captured in the Kerosene

H. H. P. Severin and H. C. Severin 329

A Contribution to the Life History of the Corn-feediug SjTphus Fly, Meso-

gramma polita C.H.Richardson 338

Life History, Natural Enemies and the Poisoned Bait Spray as a Method of

Control of the Imported Onion Fly, PhorUa cepetormn, with Notes on Other

Onion Pests H. H. P. Severin and H. C. Severin 342

Notes on the Brown Lace-\^ang, Hemerohius pacificus G. F .
Moznette 350

The Mouthparts of the Thysanoptera and the Relation of Thi-ips to the Non-

settmg of Certain Fruits and Seeds A.D.Borden 354

Further Experiments in the Control of the Tarnished Plant Bug, Lygus pra-

^,,^,3,-,
M. D. Leonard 361

Notes on the Life History of Enchenopa Unotata on the Butternut

W. D. Funkhouser 368

Effect of Low Temperature on the Oyster-shell Scale, Lepidosaphes ulmi

R. L. Webster 371

Confusion of Rhopalosiphum Uppohaes Koch and Myzus hraggii Gillette

C. P. Gillette 375

A Destructive Pine Sawfiy Introduced from Europe, Dipr^o?2 simile

W. E. Button 379

Reviews

Editorial

382

383

Current Notes
^^"^



JOURNAL
OF

ECONOMIC ENTOMOLOGY
OFFICIAL ORGAN AMERICAN ASSOCIATION OF ECONOMIC ENTOMOLOGISTS

Vol. 8 JUNE, 1915 No. 3

Proceedings of the Twenty-seventh Annual Meeting of the

American Association of Economic Entomologists

{Papers Read by Title, Continued)

FLIES WHICH CAUSE MYIASIS IN MAN AND ANIMALS—SOME
ASPECTS OF THE PROBLEM

By F. C. BisHOPP, Bureau of Entomology ^

Some Forms of Myiasis and Species of Flies Concerned

For many years medical literatm^e has contained reports on cases

of myiasis of different kinds in man. It is impossible to say how long

man and animals have been subject to the attack of fly larvae. It is

safe to conclude that the meat breeding habits of certain Sarcophagidse

and Muscidse have existed for many centuries, and although the habit

of attacking living animals may have been developed later, there is in

many cases no material difference between the infesting of dead and

decaying tissue in a living animal and the infestation of carcasses.

From this point it is but a short step to the development of the habit

of feeding on healthy as well as dead and diseased tissue, and ultimately

we find the forms which freely attack uninjured tissue requiring nothing

but an external drop of blood to attract the fly and induce deposition.

In the CEstridae, or bot fly family, we find a more intimate and complete

relationship to or dependency upon the host. The form of myiasis

produced by this group of flies is quite different, of course, from that

exhibited by the Sarcophagids and Muscids.^ The flies are more
specialized in habit and structure for parasitic life. This degree of

^ Published by permission of the Chief of the Bureau of Entoraology.

2 Cordylobia, an African genus which has been considered to be a Calliphorine,

has a habit somewhat similar to the bots. The larvae of this group cause dermal

myiasis in man and lower animals. In Africa we also find the Calliphorine flies

of the genera Auchmeromyia and Chaeromyia, the larvae of which have the peculiar

habit of sucking blood from man and the lower animals.
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specialization varies to some extent with the species. We see, for

instance, an example of the most complete form of parasitism in the

OX warbles of the genus Hypoderma; here the parasite has become
highly dependent on the host, and confines attack largely to one host,

the ox. The habit of the larvae of migrating to the back of the host,

where development is completed, and the fact that the larvae seldom

live if removed from the host a short time even before their normal

emergence, probably indicates a closer relationship to the host than

in the case of the horse bots or other members of the family. Although

this is an exceedingly interesting group of flies it is not my purpose to

dwell at length upon it, except to call attention to the occurrence of

some of the varied forms of myiasis produced.

The sheep bot {CEstris ovis) is primarily a pest of sheep yet we find

that it attacks other animals and even man. Ed. and Et. Sargent^

state that this fly attacks man in certain elevated regions in the Sahara

where sheep are less numerous than people. The eggs or larvae are de-

posited upon the conjunctival and nasal mucous membranes of man
and cause much trouble from March to June. In this country no

records have been made of myiasis in man produced by this species.

It is fairly common in nmny parts of the United States, and the habit

of the larvae of passing up the nostrils and into the sinuses of sheep is

well known. It is not usual for it to invade the tissues of the host

but appears to subsist on the mucous secretions.

The ox warble {Hypoderma lineata) is our most important species,

in the United States. Its near relative, H. hovis, has recentty been

found by Drs. Hadwen and Hewitt to have a wide range in Canada,

and it is now probably within our northern border. Certain points

in the biology of our species have not been definitely deterrriined, and

these are giving rise to considerable discussion. The entomologists

in this country are inclined to the view that the larvae gain access to

the back of the bovine host by way of the oesophagus, while some
European authorities believe the larvae penetrate the skin along the

back or migrate beneath the skin from the legs to the back. It is not

my purpose to discuss the merits of the case. If it is true that the

larvae migrate from the oesophagus to the back, we have a case of a

combined internal, transient myiasis followed by dermal myiasis.

Cases of man being infested by larvae of this genus are not rare. In

some instances the larvae move about beneath the skin until mature,

while in other cases they have been recorded as developing at the root

of the tongue or within the orb of the eye.

1 1913. Sargent, Ed. and Et. La "Tamne," myiase humaine des montagnes

saharennes tonareg, identique a la "Thimni" des Kabyles, due a (Estris ovis. Bull.

Soc. Path. Exot., Paris, VI, pp. 487-488.
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In this same family we have three or more species of horse bots with

more or less different habits, but all attaching to the stomach or intes-

tines of the host. These probably derive their food largely from the

secretions of the mucous membranes and from the contents of the

digestive tract. The exact relationship to the host is not known and

it is important that the extent of injury to the host be carefully de-

termined, as is being done in the case of Hypoderma by the German
commission which has been studying that problem.

Among the CEstridse we also find the species Dermatohia hominis,

which is a common cause of dermal myiasis in man and a number of

the lower animals in tropical America, and the members of the

genera Cuterebra, GEdemagena, Gedoelstia and Cephenomyia. None
of these latter forms have been known to attack man.

Comparatively little is known regarding the exact role flies play in

myiasis of the intestinal and urinal tracts. Numerous records have

been pubhshed showing from one to several species in the following

families to be concerned: Therevidse, Syrphidae, Muscidse, An-
thomyidse and Sepsidse. In many instances rather serious distur-

bances in man are due to the larvae of these flies. No doubt many
infestations pass unnoticed or produce only minor symptoms, the

larvae depending on the food of the host for sustenance, and thus

producing no direct injury. The mode of infestation and the effects

of the larvae on the host deserve much more attention than has been

accorded them.

I desire at this time, to deal particularly with the various species of

flies, the larvae of which infest man or animals in wounds or, as not in-

frequently happens, attack inflamed or even entirely healthy parts.

The species concerned are members of the families Muscidae and
Sarcophagidae, as recognized by most of our American dipterists.

In the United* States the forms which are most important in causing

this form of myiasis are Chrysomyia macellaria, Lucilia sericata, L.

ccesar, Phormia regina, and one or two species of Sarcophaga. Possibly

species of the genus Calhphora and Cynomyia are sometimes concerned.

C. macellaria far outranks all others combined in importance. This

species occurs in Mexico, the West Indies, Central America, and
South America. In South America, Neiva and Gomes de Faria^

have shown that Sarcophaga pyophila is responsible for some cases, at

least, of human myiasis, ^hese authors^ also state that S. lamhens

is known to cause human myiasis in Brazil. In Hawaii, Van Dine

1 1913. Neiva, A. and Gomes de Faria. Notal sobre um caso de miiase humana
ocasionada por larvas de Sarcophaga pyophila n. sp. Memorias do Oswaldo Cruz,
Tomo V, Fasc. 1, pp. 16-22.

^Ihid. p. 18.
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and Norgaard^ state that Calliphora dux Esch. during some seasons

causes heavy losses among sheep hy attacking scars caused by sheep

scab and by blowing soiled wool, from which the larvse ultimately^

work into the flesh. In Australia the losses to sheep raisers due to

related species of flies have been enormous. Professor Froggatt has

studied the various forms concerned and has published a number of

papers dealing with the pests. The most important of these w^as

pubHshed in 1913. ^ As a result of his investigations Professor Froggatt

found that three species of blow flies indigenous to Australia are re-

sponsible for the infestation of sheep. These are Calliphora oceanioe,

C. villosa, C. rnfifacies. Although the common green-bottle flies,

Lucilia sericata and L. coesar, occur commonly in Australia, these

species have not been bred from soiled wool in that country. In

Great Britian, and parts of continental Europe, these species, espe-

cially L. sericata, are commonly known as the sheep maggot flies, being

responsible for the blowing of w^ool there. In southern Russia it

appears that the fly, Wohlfahrtia magnifica, is the principal culprit in

connection with this type of injury to sheep. Portchinsky^ states that

this species, which is viviparous, is very annoying and dangerous

to sheep. Twenty-five per cent or more of the sheep are infested an-

nually by its larvae. Sarcophaga ruficornis is one of the flies which

produces severe forms of myiasis in India.

Importance of Muscids and Sarcophagids which cause Myiasis

IN Man and Animals in the United States

Relationship to Slaughterhouse and Other Food Products.—
As has been stated, a number of species of flies are concerned in the

production of myiasis in man and animals. Of these, Chrysomyia macel-

laria is by far the most important. Aside from the causation of myiasis,

the flies of this group are of considerable importance. They all have

the habit of visiting carcasses and other decaying animal and vegeta-

ble matter, and are likewise rather strongly attracted to blood and

fresh meat, as well as cooked meat and other good products. In parts

of the south, in particular, these flies are a veritable pest about slaugh-

1 1908. Van Dine, D. L. and Norgaard, V. A. Abstract of a preliminary report

on insects affecting live stock in Hawaii. Proc. Hawaiian Live Stock Breeders'

Association, Fifth Annual Meeting, 1907, pp. 19-70.

2 1913. Froggatt, W. W. and Cooper, W. F. The sheep maggot fly pest in

Australia, pp. 88, figs. 15. The Cooper laboratory for economic research, Watford,

England.
3 1913. Portchinsky, A. [Memoirs of the Bureau of Entomology of the Scien-

tific Committee of the Central Board of Land Administration and Agriculture.]

Vol. 9, No. 5, pp. 30, figs. 23. St. Petersburg.
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terhouses. The small country plants which are not under the super-

vision of the government inspection service are especially prone to

this condition. In most of these slaughterhouses the offal is left in the

yard immediately adjoining the killing pens or is fed to hogs. Usually

the hogs are not numerous enough to consume all of the offal, so that

in either case a great number of these meat-infesting species are bred

out. Under favorable seasonal conditions swarms of thousands of

flies are present about the building, and as soon as an animal is skinned

they begin feasting on the blood and the fresh carcass. If extreme

vigilance is not exercised, the carcass is often blown in a short time

after killing, and in some cases the eggs hatch and the larvae begin to

penetrate the meat. The meat-breeding flies are not the only species

which visit food products in slaughterhouses. The house-fly is often

present in great numbers and may contaminate meats with its feet

and excrement, although it does not deposit eggs in such situations.

Knowing the filthy habits of the flies, we cannot help but look upon

them as dangerous when allowed free access to food products. It has

been shown by several investigators that various bacteria may pass

through the alimentary tract of flies without destruction. Of course,

where meat is well cooked probably these germs are all killed. On
the other hand such food products as cooked meats, sausages, etc.,

which are usually consumed without further cooking, may be con-

taminated with all sorts of germs as well as fecal matter and other

filth. Certainly, where flies have free access to carcasses, as is com-

monly permitted in many places, the bacteria of decay are introduced

and the meat has its keeping qualities impaired. As has been pointed

out recently in an Australian journal, ^ several advantages accrue from

careful protection of meat from flies. In this instance the largest

firm of butchers in Auckland began using screens for the protection

of their meat. This resulted in a saving due to the prevention of

trimming necessary when the meat is blown, improved the keeping

quality of the meat, increased sales, and lessened the quantity of ice

needed. In fact, they found the practice so advantageous they ex-

tended the screening system to all of their branches.

Although our butchershops in the towns and cities by no means
furnish the best conditions as regards flies, they are incomparably

better than the conditions often encountered at the small abattoirs.

A careful inspection of such plants and the enforcement of sanitary

regulations should be a part of the duty of every health officer.

Injury and Losses Due to Myiasis.—The flies of this group appear

to be of little importance as causes of intestinal myiasis. A few cases

1 1913. The protection of meat from flies. Australian Medical Gazette, Sydney,
Vol. XXXIII, No. 18, May 3.
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have been observed where hve stock have become infested with the

screw worm (C. macellaria) in the stomach. These infestations were

probably derived from Hcking wounds where eggs of the fly had been

deposited, thus conveying the ova or young larvae into the stomach

where they penetrate the tissues. Considering the frequencj^ with

which animals lick infested wounds, it is remarkable that more evidence

of internal attack is not at hand.

The habit of flies of attacking man is well known in the United States.

Numerous cases have been reported by physicians and entomologists.

Nearly all of these have been accredited to C. macellaria, although

other species are no doubt responsible for part of them. In the south-

western states our investigations show that the infestation of man by
fly larvae is common. Cases of nasal or auricular myiasis have been

well described in literature, so that further details are unnecessary.

We have found, however, that the occurrence of larvae in various parts

of the body of man is not at all uncommon. The infested lesions on

the surface of the body are much more easily freed from maggots than

when these occur in the nasal or auricular regions, hence these cases

have received little attention. Although infestations in cavities of

the head formerly led to death or serious disfigurement, a better

understanding of the pest has permitted physicians to treat such cases

more successfully in recent years. Even now, however, death oc-

casionalh^ results from this cause.

Among live stock, myiasis is of most importance on the large ranches

in west Texas, New Mexico, and Arizona. As has been stated, this

loss is largely chargeable to the screw worm, C macellaria. During

early spring, however, there is considerable trouble among sheep on

the ranches in west Texas, apparent!}^ due to the two species of Lucilia.

This injury is of a different tj^pe from that caused hy the screw worm.

The soiled wool of ewes is infested at lambing time and, if not destroyed,

the larvae ultimately penetrate into the flesh and cause the death of the

host. In treating cases it is often necessary to sheer a large portion of

the sheep. The destruction of wool, together ^4th the time occupied

in treatment, to say nothing of the actual death of sheep, is a source of

much loss among sheep-raisers.

During the winter months, especially when mild days occur follow-

ing dehorning, castration and branding, infestation of resulting wounds

by larvae of Phormia regina is not uncommon. The infestation of

heads of animals following dehorning is the most serious, and when not

promptly treated frequently results in the death of the host. Possibly

other species than P. regina are concerned in these winter infestations.

Our investigations indicate that nearly all of the cases of myiasis in

animals during the summer and fall months are due to C. macellaria.
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The damage chargeable to this species is of many classes. In certain

sections of the southwest stockmen have found it unprofitable to keep

breeding cattle on account of the heavy loss due to this pest at calving

time. In these sections the stockmen depend mainly for replenishment

of their herds upon purchase of yearlings. In nearly all of the cattle

country of the southwest, the screw w^orm has had the effect of causing

stockmen to reduce the size of their herds, especially during the fly

season, in order that they may watch more closely the animals and

promptly care for infestations. Under these conditions the actual

death loss is not great although throughout the entire region the num-
ber of cattle actually killed by the screw worm must number well into

the hundreds. Where animals become heavily infested with screw

worms they have a tendency to penetrate thickets and are thus not

found by the stockmen, and death usually results very shortly due to

the extensive destruction of tissue by the larvae or septicemia as a

result of their presence.

Another important source of loss is the expense incurred by watch-

ing the herds and treating infested animals. Most of the pastures in

the southwestern country are of great extent, many of them containing

several thousand acres, and the promptness of treatment demanded
necessitates the employment of a number of men to continually ride

the pastures and treat the infested animals. The summer of 1913

was a year of especially great screw worm abundance and a large per-

centage of the stockmen found it necessary to employ extra help in

order to prevent heavy death losses from infestations. During this

season the percentage of infested animals in a herd ranged from ten to

one hundred. In a number of instances from three to ten men were

kept continuously busy on this line of work from May to November.

To this we must add the expense of materials used in treating the

infested animals. Chloroform is the most generally used, and I am
informed by dealers that their sales of this material alone often reach

five hundred dollars during one season. Individual owners of cattle

sometimes spend several hundred dollars for chloroform, creosote

products, pine tar, and other screw worm remedies.

Source of Infestation.—The screw worm, C. macellaria, has de-

veloped a very marked tendency to attack living animals although it

breeds in great numbers in carcasses. This frequently gives rise to

infestation of an animal on the least provocation. Years when the flies

are very numerous, practically every scratch becomes a site for screw

worm entrance. These maybe made by brush, barbed wire, or the horns

of other animals. On account of the frequency with which wounds are

attacked the stockmen usually do not mark or brand live stock after

May first or before November first . In this way they avoidmuch trouble.
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Even when branding is done during late spring or early fall the mag-
gots frequently infest the injured area. Dehorning and castration are

almost invariably done during the winter months to avoid screw worm
attack. Any animal giving birth to young during summer months is

likely to become infested and the offspring is frequently attacked at the

navel. Calves often get blown in their mouths, causing the loss of

their teeth. Practically all animals are attacked but cattle are prob-

ably most susceptible. Infestation in hogs is usually seen in their ears

as a result of wounds due to fighting. In the case of sheep, goats and
dogs, infestation may occur on any portion of the body where injury

is sustained. This species does not deposit on soiled wool but is

strongly attracted to blood.

Another frequent source of infestation results from the presence of

the cattle tick or other species, and live stock attacked by large numbers
of horn flies, stable flies or Tabanids invariably develop cases of screw

worms. Heavy infestations of ticks produce skin lesions, and when
screw worm flies are numerous they frequently blow spots where a tick

has been crushed, the larvae penetrating through the skin. The large

number of cases of screw worm infestations developing from the pres-

ence of ticks has caused an increased desire on the part of stockmen

in many sections to eradicate the tick, and by this means lessen the

injury by the screw worm.

Relationship of Meat Infesting Flies to Disease Transmis-

sion.—This question has been brieflj^ touched upon under the discus-

sion of slaughterhouse conditions. It is a question w^hich has received

little attention but is deserving of more extended investigation. It

seems certain that there is some connection between the carcass-infest-

ing flies and the so-called limberneck in chickens. Chickens have been

observed to become partialh^ parah'zed and frequently to die from the

eating of maggots and decaying animal matter. We now have investi-

gations under way to determine the relationship existing between the

maggots and this disease. Dr. E. W. Saunders, of St. Louis, believes

that there is some connection between limberneck infowlsand poliomye-

litis in man, and that certain species of blow flies are responsible for

the transmission of the disease. He has recently published^ the results

of some experiments along this line.

During the last two years rather severe outbreaks of anthrax have

occurred among live stock in Texas. Observations on the habits

of the meat-infesting flies, particularly C. 7nacellaria, in connection

with these outbreaks, certainly suggest the possibilty of the transmis-

sion of this disease hy them. Carcasses of animals which have suc-

1 1913. Saunders, E. W. The prophylaxis of poliomyelitis, anterior acuta.

Journal State Medical Association, IX, Xo. 12, pp. 385-389.
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cumbed to the disease are soon covered with swarms of flies which feed

upon the excreta, blood, etc., and then pass to wounds on other animals

where infection may be produced by bacilh carried on the legs and

body or by regurgitation of the germ-laden food or possibly by excre-

ment. Thousands of flies develop in the carcasses where they are

not properly disposed of and there is a strong probability of the result-

ing flies being capable of conveying the virulent organisms to healthy

animals.

Summary of Life-History and Seasonal History of Some of the
Species of Flies which Produce External Myiasis in the
United States.

Mr. E. W. Laake, working under my general direction, at Dallas^

Texas, is responsible for most of the notes on the life-histories from

which the following summaries have been made. Work along similar

lines was conducted by Mr. J. D. Mitchell at Victoria, Texas, and

by Mr. D. C. Parman at Uvalde, Texas.

Chrysomyia macellaria.—The method of wintering of this species has

not been definitely determined. In our hibernation experiments with

adults and immature stages we have been unable to carry the species

through the winter. This, and other points, indicates that the species

normally dies out in the winter except possibly in the extreme southern

portion of the United States, and in the tropics, and the reinfestation of

the country progresses as the season advances. The species appears

shortly after settled w^arm weather begins in the spring and the number
usually increases until frosts in the fall. Often a partial checking of

the ravages of the species occurs in midsummer, especially when the

weather is hot and dry. The first infestations of live stock are found

usually in May, and September and October are as a rule the months of

greatest injury. In western Texas, where the rainfall is normally

small, the years with abnormally heavy rainfall are generally the most

productive of screw worm infestations.

The period from emergence of adult flies to deposition of eggs ranges,

as observed by us, from three to eighteen days. As many as eight

consecutive depositions by one fly have been observed to take place,

the period between depositions being from one to seven days. Under
the best conditions it seems that the depositions may occur at inter-

vals of two to four days. The number of eggs deposited in one batch

appears to vary from forty to two hundred forty-eight, and the greatest

number recorded from one female was twelve hundred twenty-eight.

The larvae hatch within a few hours. Pupation occurs from six to
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twenty da3^s later and the pupal period ranges from three to twenty-

seven days. The total developmental period from egg to adult has been

found to vary from nine to thirty-nine days. None of these records

were made on infestations in living animals. Breeding proceeds con-

tinuously throughout the summer, and no doubt from ten to fourteen

broods are produced in one season in southern Texas. Considering the

reproductive capacity of this species it is not surprising to note the

millions of flies present about decaying animal matter in mid-summer.

By rather careful estimation we judge that a single carcass may pro-

duce upwards of a million flies of this species.

We have observed a ver}^ marked tendenc}' of this fly to breed in

animals which have died recently rather than in old carcasses. This

habit probably is related to that of the species depositing in living

animals. Although some observers have found this species commonly
deposits living young in the more northern latitudes, we have failed

to observe this phenomenon in connection with our work. This species

occurs normally in all sorts of situations in the Southwest, but w^e have

observed a marked tendency for it to be found in great numbers far

from any habitation. In such situations often no other species of

meat-infesting flies is to be seen, while in cities the two species of

Lucilia often outnumber the one under discussion.

Lucilia sericata.—Our experiments indicate that this species nor-

mally passes the winter in the larval and pupal stages. It is usually

seen flying about or breeding early in the spring before Chrysomyia

macellaria has appeared. Breeding takes place in decaying animal

matter, although the adult flies are often seen frequenting all sorts of

places in search of food. The first oviposition occurs, in summer time,

within five to nine days after the adults emerge from the puparia.

The incubation period varies greatly with the temperature. In sum-

mer, hatching takes place in less than twenty-four hours while in

autumn we have a record of seven days. Pupae are formed in three to

nine days after hatching, and adults emerge within three to thirteen

days after pupation. The developmental period, from egg to the emer-

gence of the adult, ranges from nine to twenty-one da^s. These

records were made during comparatively warm weather.

Lucilia cossar.—This species, like the one just discussed, winters in

the larval and pupal stages, the adults appearing on the first warm days

of spring or even during warm periods in mid-winter. We have ob-

served a preoviposition period in this species of six to twenty days.

The eggs usually haj:ch in less than twenty-four hours, the larvae

begin migrating from the food two to five days later. Pupse are formed

three to twelve days after hatching. The pupal period ranges from

five to sixteen days and the total developmental period from eleven to
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twenty-four days. These records were also made when the tempera-

tures, were comparatively high. When low temperatures prevail often

the prepupal stage may be greatly delayed, som^etim^es lasting for

several weeks.

Phormia regina,—This is the common black blow fly which is seen

entering houses, cellars, etc., during the cool days in late fall and early

spring. It appears that this species is much better adapted to cool

climates than those previously discussed. In fact, in the southern

states this form practically disappears with the coming of hot weather,

and is not seen again until the cooler days of autumn. At the lati-

tude of Dallas, specimens of this fly have been observed frequently

in mid-winter resting in sunny places. This species, like the others, is

largely a carrion feeder and after the appearance of cool weather in

the fall it largely Supplants Chrysomyia and the Lucilias as a scav-

enger, continuing to breed throughout winter.

The adults begin depositing in seven to eighteen days after escaping

from the puparia. The egg stage varies much with the temperature,

ranging from less than twenty-four hours up to nearly four days, as

recorded by us. The duration of the larval stage is from four to fifteen

days, the pupal stage from three to thirteen days, and the total de-

velopmental period ten to twenty-five days.

Calliphora erythrocephala.—This species is not abundant in Texas,

but is fairly numerous in the eastern part of the state. The flies of

this species were observed by us to begin depositing eggs in twelve to

seventeen days after emergence. The incubation period is twenty-

four hours, and the larvse begin to migrate from the food three or four

days after hatching. The pupal stage lasts from seven to nine days.

The time from deposition of eggs to the emergence of adults ranges

from fifteen to twenty days.

Cynomyia cadaverina.—This is the large blue bottle fly which

in association with Phormia regina, appears- in Texas after the heat

of summer has passed. It is notorious as a frequenter of pantries and

cellars where it avails itself of every opportunity to deposit eggs on

food products of an animal origin. It is not averse to depositing on

smoked meat, although uncured meat, especially if cooked or becom-

hig rancid, seems to be preferred. The first eggs are deposited from

seven to twenty days after emergence of the adult; these hatch in one

or two days and the larvae, which are ravenous feeders, begin entering

the soil three to five days later. Puparia are formed five to thirty-

nine days after the larvae hatch, and the duration of the pupal stage

ranges from six to fifty-eight days, as shown by our tests. The time

occupied for the complete development of the insect, from egg to

adult, ranges from thirteen to ninety-nine days.
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Summary of Control Measures Suggested

The fact that carrion breeding flies have been looked upon largely

as beneficial insects on account 'lof their habits as scavengers and the

failure to associate in the minds of ordinary individuals, these scaven-

ger flies and the flies which infest living animals and food, it is rather

difficult to secure the adoption of remedial measures based upon the

prevention of fly breeding in decaying animal matter. Nevertheless,

this is the key to the whole sj^stem of control. The presence of screw

worms in the southwest has come to be looked upon by stockmen as a

necessary evil and year after year they continue to practice the treat-

ment of infested animals without giving any attention to the sources

from which the myriads of flies come.

The appearance of anthrax or charbon among herds in portions of

Texas has, under the laws, compelled the destruction of animals dying

from this disease. Many stockmen have, out of fear of the malady,

proceeded to burn all dead animals, and this has had a salutor}^ effect

on the screw worm situation in some sections. Destruction hy burning

is the preferred method of disposing of carrion. In many cases, how-

ever, this work is not thoroughly done and the partially consumed

carcass continues to breed out flies. An objection to this method of

disposing of animal matter is that in some sections wood is very scarce,

hence the burning is rather costly. Crude oil or kerosene may be

largely substituted for wood in such cases. Other objections to the

feasibihty of the destruction of carcasses on the large ranches in west

Texas are the difficulty of finding the dead animals until at least one

brood of flies has been produced and the fact that carcasses of wild

animals may also breed considerable numbers of flies, but these do

not nearly offset the protection derived from the consistent destruc-

tion of animals which are promptly located after death. It appears

that where Chrysomyia and other species are prevented from increasing

to great numbers, the chances of living animals being attacked are

almost negligible.

Second to the burning of carcasses comes burying. Our experi-

ments indicate that it is necessary to cover a dead animal, which has

become infested with maggots, to a depth of at least two feet in order'

to prevent the completion of development and the emergence of flies.

If animals are buried before they become infested this depth may be

greatly reduced, as a few" inches of soil well packed over a carcass will

prevent adult flies or their offsprings from reaching it.

In order to prevent infestation of man or animals, protection of

wounds from the flies is essential. Man, especially when subject to

chronic catarrh, should not sleep in the open without protection by a fly
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net, hospitals should be carefully screened, and wounded animals may-

be placed in screened stalls or have the wounds treated with pine tar

or other repellent substances. As has been said, infestation of wounds

which are produced by branding, dehorning, etc., may be prevented

"by arranging to do this work during winter. If possible, even in winter

it is well to choose a period when the weather is cool. The prevention

of infestation of sheep at lambing time may be accomplished to some

extent by lambing as early in the spring as feasible without danger of

severe storms. Of course the careful surveillance of all live stock dur-

ing the fly season is imperative.

The methods of treating infested animals, as now practiced by stock-

men, seem to be fairly satisfactory. Of the larvae destroyers, chloro-

form is best as it has great penetrating power. Pine tar is one of the

best substances to place on the wound to prevent further infestation

after the larvse have been destroyed. Certain mixtures, many of which

contain carbon bisulphid, are being put up and sold by druggists for

the purpose of destroying the larvae and at the same time preventing

reinfestation. The fact that carbon bisulphid is somewhat attractive

to the adult flies renders the use of this substance inadvisable.

The careful disposal of slaughterhouse offal by burning or deep

burying, the screening of abattoirs, and the use of screens wherever

animal food products are kept, will largely prevent the contamination

of these articles by the various blow flies. In cities the complete

disposal of garbage with incinerators is desirable.

The relationship to this group of flies of certain mammals and birds

which act as scavengers is a subject of much interest and importance,

but space will not permit of its discussion here. We have also found

that climatic conditions may be important in controlling this class of

flies. The sun often destroys a large percentage of the maggots de-

veloping on a carcass. Where dead animals are not burned or

buried it is important to leave them in open places exposed to the sun

rather than in the shade of thickets, as is commonly practiced.

KEROSENE TRAPS AS A MEANS OF CHECKING UP THE
EFFECTIVENESS OF A POISONED BAIT SPRAY TO CON-
TROL THE MEDITERRANEAN FRUIT-FLY (CERATITIS
CAPITATA WIED.) WITH A RECORD OF BENEFICIAL
INSECTS CAPTURED IN THE KEROSENE.

By Henry H. P. Severin, Ph.D., and Harry C. Severin, M.A.

Italian, French and South African entomologists gave striking

demonstrations of the effectiveness of the poisoned bait spray in the

control of different species of Trypetidae, and all obtained a great
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reduction of infested fruit on those trees that were sprayed. Mally*

in 1909, gave a decisive demonstration of the success of this remedy
to combat the Mediterranean fruit-fly under South African conditions.

'^A severe outbreak of the pest in a commercial peach orchard was
brought to a sudden and practically complete halt, and the fruit

maturing later w^as marketed under the guarantee of freedom from

maggots, . . . while that of untreated trees a few hundred yards

away increased until practically every fruit was involved."

In a series of experiments on the use of petroleum, vegetable and
animal oils to trap the Mediterranean fruit-flies, we found that ordi-

nary kerosene (about 120*^ Be.) captured more fruit-flies than any of

the other oils, with the possible exception of distillate (about 48° Be).

As distillate is too volatile for practical purposes it was decided to use

traps containing kerosene as- a means of checking up the effectiveness

of a poisoned bait spray employed in the control of the Mediterranean

fruit-fly.

When the Mediterranean fruit-flies issue from the pupse, the eggs

are undeA-eloped and the adults require from ten to twelve days before

the egg- laying period begins. This period may be termed a feeding

period and during this time the flies subsist on the waxy coating of

fruit, juices of injured fruit on the trees or infested, fallen fruit on the

ground. Our attention was also called to the fact that the Mediter-

ranean fruit-fly feeds upon flowers of a chrysanthemum imported from

Japan, but the pest was not attracted to these flowers in any great

abundance. After a rain the fruit-flies were frequenth^ seen lapping

up droplets of water on the leaves. In captivit}^ the flies show a

fondness for diluted molasses and they would feed on this liquid until

their abdomens became greatly distended. The greediness of the

adults for sweets is the weak point in the life history of the pest and

explains why the sweetened, poisoned spraj^s are so effective in the

control of this insect. After the eggs are fully developed in the ovaries,

the insect is seized by a reproductive stimulus and then not only seeks

a suitable medium in which to deposit its eggs but also continues to

search for food. This period, which may be called a reproductive and

feeding period, commences at the time the eggs are fully developed and

continues until the last egg is deposited.

In our work the poisoned bait was prepared according to the follow-

ing formula, which is slightly modifled from that recommended by

Mally:

BroviTi sugar 2| lb.

Arsenate of lead 5 oz.

Water 4 gal.
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The solution was prepared by dissolving the brown sugar through a

cheese-cloth bag in cold water so as to strain out all foreign material

including ants, which in the Hawaiian Islands frequently gnaw through

the paper sacks containing the sugar. The mixture was thoroughly

agitated by pumping the liquid back upon itself with a common,
garden, brass spray-pump. This pump was provided with a rose

sprinkler nozzle which throws a mist-like spray (PL 13).

To determine the effectiveness of the poisoned bait spray as a means

of controlling the Mediterranean fruit-fly under Hawaiian conditions

the following plan of procedure was adopted. For a period of five

weeks, ten kerosene traps were wired to the branches of citrus trees

of an orchard containing about four hundred orange, lemon, grape-

fruit, banana, fig, guava, papaia, peach, pear, pepper, plum and mango
trees. No spray was applied to any of the trees and vegetation in the

orchard during this period and exact data were kept concerning the

number of fruit-flies and beneficial insects found dead in the oil traps.

During the following five weeks, the poisoned bait was sprayed once

a week upon all of the fruit-bearing trees and again a record was kept

of all the Mediterranean fruit-flies and beneficial insects captured in

the traps. A comparison of the number of fruit-flies caught in the

kerosene traps before, during and after spraying would test the value

of the fruit-fly remedy.

The following table shows the number of male and female fruit-

flies which were captured in the oil traps at intervals of from two to

four days for a period of five weeks before spraying: _

TABLE I

Number of Male and Female Mediterranean Fruit-Flies Captured in Ten
Kerosen*e Traps at Intervals of Two to Four Days for a Period of Five
Weeks Before Spraying

9
Oct. 8- 9, two days' catch 683 2
Oct. 10-11, two days' catch 631 0
Oct. 12-13, two days' catch 454 0
Oct. 14-16, three days' catch 734 3
Oct. 17-20, four days' catch ' 1,090 1

Oct. 21-24, four days' catch 1,150 0
Oct. 25-28, four days' catch 1,622 6
Oct. 29-Nov. 1, four days' catch 986 3
Nov. 2-4, three days' catch 951 2
Nov. 5-7, three days' catch 491 7
Nov. 8-11, four days' catch 1,411 12

Thirty-five days' catch 10,203 36
36

10,239 Total
f 291 males captured per day.

Average ]
^ female captured per day.

[ 292 Total.
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From this table it is readily seen that kerosene used in traps as a

control for the Mediterranean fruit-fly is entirely out of the question,

for the number of fruit-flies captured during the last four days is not

smaller than the number caught during the first four days. Further-

more, of the 10,239 flies captured, only 36 were females, the remainder

being males. And again, at the end of the fifth week almost every

ripe orange was ''stung" by the pest.

, During the next five weeks the fruit-fly spray was applied to all of

the fruit-bearing trees, about once a week, under the most unfavorable

weather conditions. The applications of the spray were made during

the rainy season and since this orchard is situated on the outskirts of

Honolulu in Manoa Valley where rains are more frequent than in the

city itself, the effectiveness of the poisoned bait was to receive a most

thorough test. The rains were so frequent in this valley that the

spray rarely remained on the leaves of the trees more than a day or

two at the most and in one instance only a few hours before a rain fell.

Hundreds of fruit-flies were present in this orchard before the applica-

tion of the first spray and at this time it was an easy matter to capture

several hundred specimens in an hour by sweeping with an insect net

among the orange trees. This orchard was not isolated but was adja-

cent to a very much neglected orchard which was also teeming with

the pest. Horticultural sanitation was not rigidly practiced through-

out this entire experiment. All fallen, infested, citrus fruits, however,

were collected daily and thrown into a barrel containing water, but

since the larvae of the pest are able to live for several days in fruit

submerged in water, the fruit was removed from the barrel from time

to time and burned. The wind breaks of this orchard consisted of

high guava trees but very little of the fallen fruit from these trees was

destroyed although the same was infested. Papaias, plums and

tomatoes were allowed to decay on the ground. The following table

shows the number of fruit-flies which were captured in the traps during

and after spraying:

TABLE II

Number of Male and Female Mediterranean Fruit-Flies Captured in Ten
Kerosene Traps at Intervals of Two to Five Days for a Period of Five
Weeks During and After Spraying

& 9
After first spraying, Nov. 12-14, three days' catch 51 2

After first spraying, Nov. 15-17, three days' catch 40 0

Six days' catch 91 2

After second spraying, Nov. 18-21, four days' catch 12 1

After second spraying, Nov. 22-23, two days' catch 0 1

After second spraying, Nov. 24-26, three days' catch 8 0

Nine days' catch 20 2
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After third spraying Nov. 27-30, four days' catch 2 2

After third spraying Dec. 1- 3, three days' catch 0 0

Seven days' catch 2 2

After fourth spraying, Dec. 4-5, two days' catch . 1 0
After fourth sptaying, Dec. 6-10, five days' catch 25 1

Seven days' catch 26 1

After fifth spraying, Dec. 11-13, three days' catch . 23 0
After fifth spraying, Dec. 14-16, three days' catch 12 1

Six days' catch 35 1

Thirty-five days' catch 174 8
8

182 Total

Average ' ^ ^^^^^ captured per day.
^ \ 1 female captured in about every 4 days.

A comparison of Tables I and II shows that there were 10,239 fruit-

flies captured before spraying and only 182 during and after spraying,

a reduction, therefore, of 10,057 specimens. Of the 182 Mediterra-

nean fruit-flies captured during and after spraying, 93 were caught

during the first six days, and 89 during the following twenty-nine

days. After the appUcation of five sprays, it usually required a thor-

ough search to find an infested orange in the orchard, whereas before

spraying, almost every ripe orange had been stung" by the pest.

See plate 14.

For a period of five weeks after December 16, no spray was applied

to any of the trees in the orchard where the previous work was done

but the ten kerosene traps were still kept wired to the same citrus

trees. The following table shows the number of fruit-flies taken in

these traps during this time:

TABLE III

Increase in the Number of Mediterranean Fruit-Flies Captured in Ten
Kerosene Traps for a Period of Five Weeks After Spraying Was Dis-
continued

cf 9
Dec. 17-20, four davs' catch 23 0
Dec. 21-24, four davs' catch 46 0
Dec. 25-27, three days' catch 37 0
Dec. 28-31, four days' catch 85 0
Jan, 1- 4, four days' catch 81 0
Jan. 5- 8, four days' catch 70 0
Jan. 9-12, four days' catch 92 1

Jan. 13-17, four days' catch 97 0
Jan. 18-21, four days' catch 134 0

Thirty-five days' catch 665 1

1

666 Total

Avprao-P / "^^^^s captured per day.
Average

^ ^ female captured in 30 days.

2
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A comparison of Tables II and III shows that the Mediterranean

fruit-flies had again increased in numbers during the five weeks in

which no spray was apphed to the fruit trees. An examination of the

fruit trees of this orchard after these five weeks had elapsed showed

that some of the fruit had again been ''stung." Trapping the pest

^ith kerosene was continued in this orchard in connection with other

experiments, and fifteen weeks after spraying was discontinued, 642

fruit-flies were captured in three days in the ten traps, or an average

of 214 per day.

The gradual increase in the number of JMediterranean fruit-flies in

this orchard after spraying was discontinued may be attributed to a

number of causes: (1) horticultural sanitation was not rigidh^ prac-

ticed and man}^ trj^petids emerged from the fallen, infested fruit; (2)

this orchard was not isolated but was adjacent to a very much neg-

lected orchard from which probably manj^ flies migrated; and (3)

fruit -flies breeding in the wild fruits, covering thousands and thousands

of acres in the mountainous districts, were probably caught up hy the

winds and carried into this orchard. We ^ have published the results

of an experiment on the flight of two thousand marked, male, Mediter-

ranean fruit-flies and have demonstrated that marked specimens, set

free from the side of a mountain at an elevation of 350 feet, were

carried by the prevaihng winds. Some of these marked insects were

captured in kerosene traps in this orchard, a mile from the point of

liberation.

After taking Weinland, California's representative stationed in

Honolulu, into an orchard and showing him our methods of checking

up the effectiveness of the poisoned bait spray by means of kerosene

traps and the results obtained, this entomologist carried on a similar

experiment in a residential section of Honolulu. Weinland ^ sprayed

onty the low host trees, for with the apparatus at hand ''it was impos-

sible to spray higher than ten feet." He plotted a curve in checking

up the efficiency of the spray ^\dth the use of kerosene traps and WTites,

"From the shape of the curve, it is apparent that there is a marked

but temporary reduction in the number of flies caught. The lowest

point comes about flve days after sprajdng, after which time the spray

becomes ineffective and flies coming in from outside sources raise the

number again."

In our work, Mally's ^ formula of the poisoned bait spray was

adopted but with this difference, Mally used three ounces of lead

arsenate and we increased the amount from three to five ounces after

the application of the first spray. The amount of poison was increased

in our work in order to kill the flies more rapidh^ by giving them a

greater dose of poison. To determine the length of time that fruit-
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flies will live in captivity" with leaves picked from trees sprayed with

the bait containing three ounces of poison, thirteen fruit-flies were

captured, some of which were actually observed feeding on the bait

in the field. These flies were placed in jars together with the sprayed

leaves suspended by threads at different heights. From time to time

water was sprayed on the sides of the jars. The results of the experi-

ment were as follows: Nine fruit-flies succumbed to the effects of the

poison at the end of the first day, one by the end of the second, but

the remaining three flies were still alive at the end of the third day.

When the fruit-fly spray has been properly applied to the trees,

there is no conspicuous show of the bait from a distance, but a closer

examination of the treated trees shows thousands and thousands of

droplets of the spray adhering to the leaves and branches. These

droplets, even after the water has evaporated, will liot show the white

traces of lead arsenate to the naked eye. If the solution has not been

kept thoroughly agitated, the lead arsenate will sink to the bottom of

the receptacle containing the mixture and the last few pump-fulls of

the spray ^dll contain an excess of lead arsenate. When this material

is applied to the foliage, the lead arsenate in each droplet will settle as

a white deposit, but this will be covered by a glossy layer of sugar after

the water has evaporated (PI. 14, fig. 2.) A rain may now wash off

the sugar layer from the lead arsenate deposit and then, of course,

the white specks become more conspicuous. These may adhere to the

leaves for several weeks. In order to keep the finely divided particles

of lead arsenate in suspension in the solution, every second pump-full

of the spray was forcibly emptied against the bottom of the container.

After the trees in the orchard had been sprayed for the fifth time

our attention was called to the fact that the leaves of the grapefruit

and peach had been injured by the spray. The leaves showed evidence

of brown areas as if they had been burned; later the leaves began to

fall from the trees and in the case of the peach almost entire defoliation

occurred. In the first two spraj^s, lead arsenate in paste form was used,

but with the last three sprays the powdered lead arsenate was used.

No attempt was made to determine the cause of the scorching of the

leaves under Hawaiian conditions.

Shortly after the trees had been sprayed, a loud buzzing became
audible as one walked through the orchard. Hundreds of insects,

including house flies, bluebottle flies, syrphids, flesh flies, tachinids,

mud daubers and paper wasps, hymenopterous parasites, long-horned

grasshoppers, moths, an occasional butterfly, etc., were flying about

sucking up the poisoned bait.

In several bulletins ^ Mally claims that in South Africa ''honey

bees have paid no attention to the thin film of sweets on the leaves of



336 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 8

treated trees." In the Hawaiian Islands, however, we found that the

spray does have a drawback from which Mally claims it was exempt

—

it does attract the honey bees. In one experiment fruit trees were

sprayed which were not flowering but which were in the immediate

vicinity of others that were in blossom. Hone}^ bees were visiting

these flowers in large numbers. Several hours later honey bees were

observed feeding on the poisoned bait which was on the leaves of the

treated trees, and also on the leaves of some shrubs and grass beneath

the trees.

Mally 1 also claims that citrus trees in blossom were sprayed

. . . to determine the likelihood of. destroying honey bees but in

no case was a bee seen to feed on the poisoned sweet. It is possible

that the blossoms were so much more attractive that the bait was no

temptation." In the Hawaiian Islands, some of the honey bees will

desert the best honey-producing flowers and seek the poisoned bait.

At different times during the year when the algeroba, avocado, various

kinds of citrus trees, papaia and peach trees were in blossom, these

trees were sprayed with the fruit-fly remedy. Many honey bees,

which had been observed visiting the flowers before spraying, left the

flowers after spraying and were seen lapping up the deadly solution.

A record was kept of all beneficial insects, such as ladybird-beetles,

staphylinids or rove-beetles, stylopids or strepsipterons, lacewings,

tachinids and hymenopterous parasites which were captured in the

kerosene. The following table shows a list of insects that were caught

before, during and after spraying:

TABLE IV

List of Beneficial Ixsects Captured in Ten Kerosene Traps Before, During
AND After Spraying

PREDACEOUS INSECTS
During

Before and after

spraying spraying
Coccinellidoe

2 Ooccinella repanda Thunb 7

9 Cryptolsemus montrouzieri Muls 16
20 Orcus chalybeus Boisd 13

3 Platyomus lividigaster Muls 2

4 Rhizobius ventralis Muls 14
1 Vedalia cardinalis Muls 0
1 Scymnus vividus Sharp 0
1 Sticholotus punctatus Crotch 2

41 54

4 Coccinellid larvae 4

7 Staphylinids 3

1 Lacewing larva 0

53 61
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Average about 2 per day.

PARASITES

Stylopidoe or Strepsiptera

1 Elenchus melanias Perkins

Tachinidoe

3 Frontina archippivora Will 2

2 Chsetogaedia monticola B^got 1

Hymenoptei'a

571 Tetrastichus hagenowii (Ratzeb.) (Secondary parasite) . . 57

6 Anastatus koebelei Ashm 17

7 Solindenia picticornis Cam 1

2 Chalcis obscurata Walk 0
1 Pimpla hawaiiensis Cam 3

3 Ischiogonus palliatus (Cam.) 0
0 Encyrtus fuscus How . ^. 3

0 Cremastus hymenise Vier 1

590 82

19 Primary parasites 25
571 Secondary parasites 57

A large number of hymenopterous parasites which have not been

identified were captured in the kerosene. Many parasites of which

the hosts are unknown w^ere trapped. Parasites new to the Hawaiian

Islands, and of recent, accidental introduction, were caught in kero-

sene and other oils.

Besides the Mediterranean fruit-flies, predaceous and parasitic in-

sects listed, a number of animals other than insects were caught in the

kerosene; viz., one lizard, centipeds and many spiders. Of the insects

captured, the largest number were (1) Mediterranean fruit-flies, (2)

ants, (3) winged plant lice, (4) gnats or midges (in one catch 84 gnats

or midges were counted), (5) bark lice and (6) moths. Among the

Orthoptera, cockroaches, katydids, long-horned grasshoppers and one

African mole cricket were taken in the oil. Among the Diptera,

syrphid flies, soldier flies, vinegar flies, flesh flies and a few mosquitoes

were killed in the kerosene. A few other insects that were found dead

in the kerosene and worth mentioning on account of their economic

importance are, the Japanese beetle {Adoreius umhrosus), Lantana

leaf-bug {Teleonomia lantance), and Torpedo bug (Siphanta acuta).

It may be possible that some insects which have been captured with

oil lamps are not attracted to the light but to the oil. According to

Dr. Perkins, ''It is just possible that Stylopidse are attracted by kero-

sene, since one or two species have been taken in the oil on lamps, and

are supposed to have been attracted by the light, but it may have

been the oil.^'
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We are indebted to Dr. R. C. L. Perkins of the Hawaii Sugar Plant-

ers' Association Experiment Station for the identification of the pre-

daceous and parasitic insects.
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Explanation of Plate 14

Fig. 1. The two bottles on the right contain 10,239 Mediterranean fruit flies; these

were captured in ten kerosene traps during five weeks before spraying. The bottle

on the left contains 182 fruit flies and these were captured in ten kerosene traps

wired to the same trees during and after spraying in the following five weeks.

Fig. 2. Leaf showing small droplets of spray. In this instance the solution was not

kept thoroughly agitated and consequently the last few pump-fulls of the poisoned

bait contained a large amount of the lead arsenate. The droplets of spray show
a white deposit of lead arsenate covered with a glossy sugar layer; the latter is

represented in black in the photograph.

[Last of the papers read by title.—Ed.]

A CONTRIBUTION TO THE LIFE HISTORY OF THE CORN-
FEEDING SYRPHUS FLY (MESOGRAMMA POLITA SAY)

By C. H. Richardson, New Jersey Agricultural Experiment Station

During the summer of 1913, the writer observed an infestation of

Mesogramma polita which extended over a considerable portion of two

hundred acres of sweet corn at Jobstown, Burhngton County, N. J.

The prosecution of other field work made it impossible to study the

activities of this Syrphid in detail at that time. However, observa-

tions were made at frequent intervals and the results are given here

as an addition to our present knowledge and a stimulus to further

interest in this species.

References to the habits of Mesogramma polita are few. Riley and

Howard,^ who have given the most complete account of its life history,

1 Insect Life, Vol. 1, 1888, pp. 5-8.
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report it from Griggstown, Somerset County, N. J., and Jacksonville,

Fla. In the former locality, the larvae were feeding on pollen from

corn; in the latter they were attacking the corn tissue at the base of

the leafstalk and were even found in soft discolored places in the stalk.

Mr. Ashmead, who made the field observations at Jacksonville, states

that he did not observe any of the larvae feed upon pollen in that local-

ity. In 1889 the same authors ^ published a letter from a correspond-

ent at Cadet, Mo., in which damage to corn by the larvae of M. poUta

was reported. In this locality, the informant found the larvae

between the bases of the leaves and the stems where they caused the

lower leaves to wither and dry up.

The late Dr. John B, Smith cites an infestation in evergreen sweet

corn at Cologne, Atlantic County, N. J.^ The larvae were found be-

tween the leaves and the stalks of the corn. Specimens kept in the

laboratory lived apparently upon the moist exudation from the surface

of the stalk where it envelops the leaf sheath. No pollen was given

them, but they reached maturity successfully.

Sanderson in 1900^ discovered this species in corn at Newark, Del.

The larvae were often found in the staminate flowers, in the axils of

the leaves, in the silk and wherever else pollen had lodged. Puparia

were observed among the florets on the tassels. Although the larvae

were very abundant, no injury to the leaves or stalks could be

detected.

Folsom ^ has given the only account which the writer has seen of

the aphidophagus habits of the corn-feeding Syrphus fly. He says,

^' Mesogramnia politum is frequent in our clover fields, the green larva

feeding on the clover-louse. A full-grown larva found on the ground

March 27 made its puparium the same day, and the fly issued indoors

April 8."

Metcalf has considered a large part of the literature which relates

to this species and has given observations made at Raleigh, N. C. In

this locality he mentions that the pupae were fastened to the tassels

of the corn (p. 30).

Seasonal Distribution.—This Syrphid was first observed at Jobs-

town in a field of metropolitan sweet corn the last week in August when
adults and larvae were abundant, which would indicate that the breed-

ing season was well advanced at that time. During September, the

infestation spread to practically all of the fields. On October 11, the

1 Loc. cit., Vol. 2, p. 115.

2 Kept. Ent. Dept. N. J. Agr. College Exp. Sta., 1899, pp. 442-443.

3 Rept. of Entomologist, Delaware Exp. Sta., pp. 202-205.

4 Univ. of lU. Agr. Exp. Sta., Bull. 134, p. 148.

5 Syrphidse of Ohio, Ohio State Univ. BuU., Vol. 17, No. 31, 1913, pp. 16-88.
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number of flies had decreased perceptibly. Those seen were mostly

males and the few females observed were not ovipositing. Pupae were
still present. After this date field work was discontinued.

Feeding Habits of the Adults.—Adults of both sexes seemed to

feed exclusively upon pollen from the corn. Feeding was done in a

more or less systematic manner. The flies would often hold an anther

with their fore legs and, beginning at one end, would consume the

pollen along its whole length.

The females were easily approached while they hovered about the

tassels and it was not difficult to catch them with forceps when at rest.

The males, however, exhibited a greater ''shyness," and could rarely

be obtained in this manner.

OviPosiTioN.—Most of the eggs were deposited in gtoups in the

staminate flowers, although a few, reposing singly, could be found on
the leaves and other parts of the plants. The groups, which were

always found on the inner surface of the glumes, contained as few as

two or as many as nineteen eggs. The actual number laid by a single

female was not ascertained.

The female, when ready to oviposit, alights on a stem, moves along

until a suitable flow^er is reached whereupon she reverses her position

and feels the way with her ovipositor to the inner surface of the

glumes.

Feeding Habits of the Larv^.—Young larvae were found in the

staminate flowers, but seemed to leave them after a short time and to

collect in greatest abundance in the axils of the leaves. Many were

also seen in depressions along the midrib of the lower leaves where

pollen had accumulated. That they fed largely on pollen was corrob-

orated by actual observation and by examinations of the digestive

tract. Larvae were often seen in the silk, but never as abundantly as

in the axils of the leaves. Just prior to pupation, the larvae usually

abandoned the axils of the leaves and wandered about over the

plant.

No deleterious effects of the larvae upon the corn were noticed at

Jobstown and in this respect these observatiqns are in harmony with

previous studies in New Jersey and Delaware. Whether or not the

larvae in the axils of the leaves fed upon plant exudations was not

ascertained, but it was certain, if such feeding occurred, it did not

appreciably injure the corn. Nor was there evidence to show that

enough pollen was consumed to reduce the yield in the experimental

plots where other studies were under way.

Pupation.—On September 12, a count was made to determine the

preferred place for pupation with the following result:
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Along midrib, upper surface of leaf

Along midrib, lower surface of leaf

.

On blade of leaf, upper surface . . . .

On blade of leaf, lower surface ....

At tip of corn ear

31 pupae.

4

13

1
"

5
"

Other pupae were found at later dates in the axils of the leaves, and

in the sheath surrounding the ear, but they were invariably more

numerous on the upper surface of the leaf. Sanderson and Metcalf

have observed many pupae on the tassels, but this was certainly not

the preferred place for pupation at Jobstown.

Natural Enemies.—The most important enemy of the corn-feed-

ing Syrphus fly was a disease which appeared to be particularly fatal

to mature larvae. Dead individuals were to be seen on nearly every

corn leaf and on the stalks in places where the larvae were particularly

numerous. Sanderson mentions an apparently similar epidemic in

Delaware.

While a larva of Megilla fuscilahris was found but once in the act of

devouring a pupa of M. polita, there can be no doubt that it was an

active enemy of the corn-feeding Syrphus fly because of its abundance

in the corn fields and the large number of pupal remnants which showed

the visitation of a predaceous insect.

Although a large number of pupae were reared and many dissected,

no internal parasites were found. In a few cases, eggs placed on

leaves showed holes through which egg parasites had escaped.

Discussion.—Mesogramma polita has apparently never been inju-

rious to corn in New Jersey or Delaware. Reports of injury have

come, however, from Florida and Missouri and it seems that the feed-

ing habits of this species will require closer attention in many localities

before its exact economic status can be determined.

The observations of Folsom are particularly important because they

indicate a hitherto unknown feeding habit for this species.. If M. polita

proves to be commonly predaceous then Metcalf's acceptance of it as

a purely phytophagous species cannot be upheld. The close relation-

ship of the genus Mesogramma with the aphidophagous genera, Syrphus

and Sphcerophoria as indicated by Riley and Howard ^ and the general

resemblance of the larva to other predaceous Syrphid larvae suggest

its derivation from predaceous ancestors. This conception is further

strengthened by the fact that Mesogramma marginata Say ^ is also

predaceous in habit.

Loc. cit., 1888.

2 Folsom, loc. cit.
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The present data suggest that the species is sporadic in its attacks

upon corn. There are but three recorded outbreaks in the state of

New Jersey for the period from 1885 to 1914, although New Jersey

was one of the first states in which its presence on corn was noted. It

may be that the corn-feeding habit is onl}'- occasional and that the

larvae normally lead a predaceous existence well hidden among close-

growing vegetation.

LIFE HISTORY, NATURAL ENEMIES AND THE POISONED BAIT
SPRAY AS A METHOD OF CONTROL OF THE IMPORTED
ONION FLY (PHORBIA CEPETORUM MEADE) WITH
NOTES ON OTHER ONION PESTS i

By Henry H. P. Severin, Ph.D., Wisconsin Agricultural Experiment Station, and

Harry C. Severin, M.A., South Dakota State College of Agriculture and Mechanic

Arts

I Introduction

As onion growers in some parts of Wisconsin have been forced to give

up the business of growing onions on account of the ravages of the

imported onion fly (Phorhia cepetorum Meade), an investigation was

started to determine the life history, natural enemies, probable causes

of the enormous increase of the pest and the value of the poisoned bait

spray as a method of control. In this paper a few observations on

other onion pests will also be noted. A more detailed paper on the

imported onion fly and other insects injurious to onions "^dll appear in

the Wisconsin Academy of Sciences, Arts and Letters.

II Life History

In the process of oviposition the imported onion fly usualh^ endeavors

to force its ovipositor between the onion stem and the ground, but

when the earth is tightly crusted against the plant, the egg-laying

organ is unable to penetrate the hardened soil. The female fly ma}^

then oviposit'in a crevice near the onion stem, or if a small crack is not

available, the pest vAW sometimes crawl in holes or under lumps of dirt

an inch or two from the onion plant to deposit its eggs.

The eggs are usually deposited from one-eighth to one-fourth of an

inch below the substratum, and are glued to either the soil or stem.

Sometimes the eggs may be found above the surface of the ground

attached to the stem, T\dthin the axil of a leaf or to the leaves them-

selves. The number of eggs which are laid at one deposition ma}' vary

from one to fifteen.

^ Permission has been granted by Dii-ector H. L. Russell of the Wisconsin Agri-

cultural Experiment Station for the advanced publication of this paper.
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Under field conditions the incubation period of eggs deposited by the

first brood of flies in early June varied from three to four days. The

larval period was completed in two to three weeks in green onions,

onion-sets and small seeded onions, but in seeded onions from the

previous year, the development of the maggots was often prolonged

and, in some instances, required from four to five weeks. The pupal

period under field conditions required from nine to sixteen days during

the latter part of June and early July, the majority of the second

brood of flies emerging in eleven, twelve and thirteen days.

Several experiments were performed to determine whether the

imported -onion fly could complete its life history in food material other

than the onion. In one instance, fourteen eggs immediately after

deposition in an onion field, were placed below the surface of the soil

in contact with, radishes growing in a flower pot. Fourteen onion flies

completed the different stages of their life cycle in twenty-nine to

thirty-five days in the radishes. In a second experiment freshly laid

eggs were transferred from onions to manure. The next day the eggs

were shriveled in appearance and an examination of the manure dis-

closed the presence of numerous mites, that had undoubtedly sucked the

eggs dry. The experiment was repeated but this time fresh horse drop-

pings were used. The different stages of the life history in the manure

were completed in twentj'-nine to thirty-one days, except one fly which

required fifty-two days to pass through the egg, larval and pupal periods.

An attempt was made to determine the number of days required after

emergence of adults from puparia before fully developed eggs appeared

in the ovaries. A large number of adults of the second brood, which

emerged on the same dsLj, were conflned in breeding jars containing

onions planted in wet sand. The specimens were fed daily on diluted

molasses, and water was sprayed into the jars with, an atomizer.

Daily dissections of specimens confined in breeding jars showed that

one of ten females had ripe eggs in the ovaries kt the end of twelve

days, but other females did not show mature eggs in the ovaries at the

end of sixteen days. In all probability, the effect of confining the in-

sects in breeding jars as well as the food material employed, played an
important role in the rate of development of the eggs.

Through dissections of female flies of the flrst and second broods, it

was found that the average number of apparently full-grown eggs

present in the ovaries varied from forty-one to fifty-one. In all prob-

ability, the onion fly empties its ovaries of a batch of about fifty eggs,

depositing from one to fifteen eggs at a time, a second batch of eggs

probably then develops, ripens, and is deposited and so on.

The period of emergence of the second brood of onion flies under

field conditions extended from June 28 to July 25, most of the flies
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issuing from July 1-12. We determined by a series of daily dis-

sections of twenty flies which were captured by sweeping the onions

with an insect-net, when the second brood is about to oviposit in the

onion fields. On July 10, 55 per cent of the females dissected contained

almost fully-developed eggs in the ovaries. Two of the twenty speci-

mens dissected on this date had already deposited eggs, for only two
ripe eggs were found in the ovaries of one female and three were pres-

ent in the other.

Ill Natural Enemies

The most important natural enemy of the onion maggot in Wiscon-

sin is a Staphylinid or rove beetle (Aleochara anthomyice Sprague).

On July 1, three hundred imported onion fly puparia were sieved from

the soil in a green onion bed. From July 16-30, twenty-seven (9 per

cent) Staphylinids emerged, whereas the last onion fly issued on

July 13, from these puparia. When an onion maggot is dropped into

the breeding jar near the Staphylinids, the larva is seized by the

mandibles of the beetles and the Coleoptera tenaciously cling to the

wriggling maggot as the victim is being devoured. In the field masses

of onion fly. eggs were found which had been partly devoured by some
predaceous enemy, and it may be possible that the Staphylinids preyed

upon these eggs.

Two wasps (Oxyhelus Jf-notatus Say), each dragging an onion fly, were

captured in an onion field, on July 21. In all probability, this wasp
sometimes provisions its nest with this pest.

Spiders were frequently observed sucking out the juices of the

imported onion flies. These spiders were commonly seen lying in wait

for their prey at the union of two onion leaves.

A single Hymenopterous parasite was bred from an imported onion

fly puparium on August 31. On June 25, the parasitized onion fly

larva pupated under laboratory conditions. Mr. J. C. Crawford, U. S.

National Museum, identifled this parasite as, " Cothonaspis n. subg."

This is due, he states, "to its having only 11 joints in the antennae

instead of 12 or 13 as the various subgenera of Cothonaspis have.

However, there is only one specimen, and he is loath to describe it as a

new subgenus since occasionally these vary and this might be a speci-

men with abnormal antennae." A number of specimens of another

Hymenopterous parasite were bred from puparia obtained from

larvae which completed their development in radishes. This parasite

was placed in the genus Cothonaspis by the same speciahst. Mr.

F. Knab, U. S. Bureau of Entomology, identified two species of Antho-

myids which were bred from radishes, the seed-corn maggot {Phorbia

fusciceps Zett.) and the cabbage maggot {Phorbia brassicce Bouche).
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In all probability, the last mentioned parasite attacks both species of

Phorbia.

In the field onion flies which had succumbed to the effects of a

fungus disease were frequently found adhering to onion leaves. In the

laboratory the disease was spread to healthy flies confined in breeding

jars.

IV Probable Causes of Enormous Increase of

Imported Onion Fly

After a large number of commercial onion fields were visited and the

methods employed by the growers were observed, it soon became

evident that there are a number of reasons why the onion fly has in-

creased to such enormous numbers in Wisconsin. The most favorable

conditions for the multiplication of the pest rests in the fact that no

steps are taken to destroy the maggot}^ onions in the fields. Most of

the onion growers pay no attention to clean field methods.

As there was a low market for onions in the fall of 1912, many of the

growers stored their seeded onions in warehouses over winter, with the

expectation that a better price could be obtained in the spring. Dur-

ing the winter mam' farmers experienced difficulty with the onion rot

{Sclerotium cepivorum) and all diseased onions were dumped on the

land. In the spring there was no market for the onions and the bulbs

were dumped and plowed under in the fields. One grower used

18,000 bushels as a fertilizer. Some of these onions sprouted early in

the spring, offering the first brood of flies a most favorable opportunity

to oviposit before the onion seeds germinated. It was common to see

these onions growing here and there in sugar beet and potato fields.

In fields where onions had been grown the previous year and where

rotation of crops was practiced, hundreds of eggs of the pest were

obtained by removing the soil in contact with the onion stems. An
examination of the decaying bulbs plowed in the soil showed the pres-

ence of numerous maggots. Puparia were found in the soil beneath

these decayed onions and the second brood of onion flies emerged from

June 14-20; whereas, in the case of infested green onions under a cage

in the field, the second brood issued from June 28 to July 25, most of

the flies issuing from July 1-12.

When the onions are so seriously infested that the crop is not worth

harvesting, the growers simply plow under the maggoty onions, thus

giving the pests a most favorable opportunity to complete their life

history.

During the marketing of the crop many infested, decayed and in-

jured onions are thrown in the fields. In grading the onions, the men
throw out of the screen all infested, decayed and injured bulbs.
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These maggot}^ onions are allowed to remain in the fields thus giving

the larvae an opportunit}^ to complete their development, bore into the

soil to pupate and issue as flies.

The methods of harvesting seeded onions and onion-sets are different

ajid have an important bearing on the destruction of the onion refuse.

After the leaves of seeded onions ripen down and shrivel, the bulbs

are removed from the ground. A few days later the leaves are cut off

with grass shears and the tops are allowed to remain on the ground.

After the onions have been removed from the fields, the tops and the

maggoty, decayed, injured and under-sized onions can be accumu-

lated in piles and burned.

In harvesting onion-sets the leaves are cut off with a lawn mower or

grass shears before the bulbs are removed from the ground. The tops

are gathered in windrows or piles and soon begin to decay. An ex-

amination of this decaying onion refuse showed the presence of numer-

ous dipterous larvae. Some of the growers labor under the impression

that the onion waste will not burn. We have demonstrated to a num-
ber of farmers that no kerosene or fuel need be consumed if this work

is properly carried out. The onion refuse left in w^indrows and piles

will not burn, for it decays and becomes soaked with rain. If, on the

other hand, this material is scattered in the field, the leaves lose what

little moisture they retained during the ripening of the onion-sets, and

then all the refuse can be accumulated in piles under favorable weather

conditions and burned.

Too much emphasis cannot be expressed concerning the importance

of clean field methods in the control of the onion thrips. When the

onion tops become dry in the fields, the winged thrips leave the refuse

and spread to the neighboring vegetation, reinfesting the onions when
these are planted the following season. An examination of the onion

tops several weeks after the crop was harvested showed the presence of

numerous thrip larvse beneath the sheaths of the onion leaves. These

immature, wingless thrips would have been destroyed if the onion

refuse had been burned immediately after the crop was harvested.

Many onion growers do not practice crop rotation. Some growers

have planted onions on the same tract of land for a period of twelve

successive years. Most of the onion growers in southeastern Wis-

consin are not in favor of crop rotation, and grow^ onions on the same

land year after year until the onion smut and insect pests render onion

growing unprofitable.

Fall plowing is not practiced by many of the commercial onion

growers in southeastern Wisconsin. In some cases the crop is barely

harvested when about three carloads of Chicago stock yard manure to

an acre is scattered over the onion refuse. Fall plowing would crush



June, '15] SEYERIX-SEYERIX: IMPORTED OXIOX FLY 347

many of the onion fl}' puparia and expose others to the sunshine and

these, in all probability, would fail to hatch. Many puparia would

probably be destroyed by natural enemies, such as birds and Carabids.

V PoisoxED Bait Spray

Although seYenty methods of fighting root maggots haYe been put on

record, no attempt has been made to poison, with a sweetened spray,

the adult before the egg-la^-ing period begins. Under natural condi-

tions the imported onion flies were obserYed feeding on wild and

cultiYated flowers, onion leaYes and soil. In captiYity Phorhia cepeto-

rum relished diluted black-strap molasses, and they fed upon this

sweetened liquid until their abdomens became greatly distended. If

this insect is attracted to diluted molasses under natural conditions,

the greediness of the flies for this sweet when poisoned, would be the

weak point in the life history to attack the pest. If this poisoned bait

be applied in the form of a spray to the onion leaY^es when the imagoes

first appear on the wing and if the Anthomyicls were to feed upon the

insecticide no doubt large numbers would be killed before the egg-

lajing period commences.

A series of experiments were performed to determine the length of

time that the imported onion flies would Hyc in captiYity when fed with

diluted black-strap molasses to which had been added different kinds

and amounts of insoluble poisons. Some of the flies were still aliYC at

the end of a week in these experiments even though the poisoned bait

was applied daily T^dthin the jars. The folloT^-ing proportions of

molasses and water were used ^dth each poison:

\ pint molasses.

1 or 2 ounces arsenate of lead, or zinc arsenite.

1 gallon water.

A series of similar experiments were now performed with different

quantities of sodium arsenite, a soluble poison. One gram of sodium

arsenite dissolved in a gallon of water sweetened ^dth one-quarter of a

pint of molasses, killed the onion flies within a day; in fact, a few

specimens succumbed to the effects of the poison at the end of three

hours. Too much emphasis, however, should not be attributed to any

of these experiments, because the insects were in captivity and in feed-

ing were forced to consume the poisoned bait.

In our field work, the first application of the spray was given to the

onion leaves to control the second brood of flies on July 10, 1913. The
poisoned bait was applied with a hand pump provided with a vermorel

nozzle. The minute droplets of the spray adhered to the waxy coating

of the onion leaves without a "sticker" being added to the poisoned
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diluted molasses. After half an onion field was baited we were con-

vinced that thorough spraying was not necessary, as there was no ques-

tion of douht that the diluted molasses clearly attracted this pest. In the

sprayed portion of the onion field, numerous flies were seen on the

onion leaves feeding on the minute droplets of this insecticide until

their abdomens became greatly distended, but in the unsprayed part

of the onion field, rarely w^as an Anthomyid seen exposed to the sun-

shine on the tops of the onion leaves. The following formula was used

in this experiment:

Molasses 1 pt.

Sodium arsenite (dissolved in boiling water) J oz.

Water 1 gal.

Four applications of the spray were made to control the second

brood of onion flies in this somew^hat isolated onion field in which the

pest had already destroj^ed 50 per cent of the crop. The bait was

renewed once during each week.

On account of the severe thrip injury to the onion leaves in this

field it was difficult to determine whether the waxy coating of the

leaves insured protection from the burning of the soluble poison.

The results obtained were most encouraging in this somewhat isolated

onion field for few infested onions were found compared with the ravages

of the pest in some of the onion farms in the vicinity. As the season's

work was started too late to test the effectiveness of the poisoned bait

against the first brood of the pest, which is probably more difficult to

combat on account of the frequent spring rains which wash off the

spray, no conclusions can be drawn from the good shomng that the

spray made against the second brood.

To control the imported onion fly in a commercial onion field which

is surrounded by other infested onion farms, may present a more

difficult problem on account of the invasion of the pest from adjacent

fields. It may be possible that if one grower sprays and his neighbors

do not, that a few applications of the bait to the entire onion field

followed by spraying of the margins adjacent to the unsprayed fields,

may control the invading flies. This work must be continued during a

number of seasons to determine whether the pest can be controlled in

non-isolated onion fields.

VI Black Onion Fly {Tritoxa flexa Wied.)

According to Chittenden^ the black onion fly {Tritoxa flexa Wied.)

is ''an old enemy of the onion and a native species, recorded from the

^ Chittenden, F. H. Insects Injurious to Vegetables, p. 245.
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Altantic coast to Illinois." Two black onion f ies were taken by the

writers in Milwaukee County, V\ isconsin, on June 12, 1902. In the

year 1913, nine of these insects were captured in Racine County,

Wisconsin, and one specimen was bred from an infested onion on

August 27. The black onion fly was not a serious pest of the onion in

the season of 1913.

VH Barred-Winged Oniox Fly {Chcvtopsis oenea Wied.)

The barred-winged onion fly {Chcetopsis anea Wied.) was bred from

decaying and also smut-infected onions.

VIII EUXESTA NOTATA WiED.

Another Ortalid (Evxesta iiotata Wied.) was commonly reared from

decaying and smut-infected onions and from piles of decaying onion

tops. The maggots of this insect were often found feeding in company
with the larvae of the imported onion fly or in decaying or partially

decayed onions which the latter had deserted.

IX Oxiox Thrips {Thrips tabaci Lind.)

The first noticeable injury to onion plants caused by the onion thrips

(Thrips tabaci Lind.) was observed at the end of June. At this time

thrips were especiall\' abundant between the two central or innermost

leaves. Considerable alarm was expressed by the onion growers

during the prolonged hot dry spell at this time of the year, as enormous

numbers of the pest began to appear in the onion fields. On July 4,

the dry spell was broken by a driving rain which according to the

statements of the commercial onion growers, ''destroyed great

numbers of the insect and saved the onion crop." In the month of

August, however, the leaves showed severe thrip injury, namely, the

whitened appearance of the leaves produced by the rasping and suck-

ing mouth-parts of the insects.

X Cutworms

Cutworms caused a slight amount of injury in the onion growing

districts near Racine, Wisconsin, in 1913. The damage to onions by
these pests was principally the work of the spotted cutworm {Noctua

c-nigrum Linn.) and the variegated cutworm (Peridroma saucia Hbn.).

The spotted cutworm was so heavily parasitized by a parasite, Apante-

les (Protapanteles) sp. in 1913, that but little injury was caused to the

onions by the pest.

XI Miscellaneous Insects Injurious to Onions

Among the miscellaneous insects injurious to onions observed

occasionally in the onion fields were the following: Zebra caterpillar

3
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{Mamestra picta Harr.), yeliow-bear caterpillar (Diacrisia virginica

Fab.), white-lined sphinx {Deilephila lineata Fab.), tarnished plant-bug

{Lygus pratensis Linn.), and twelve-spotted Diabrotica {Diahrotica

12-punctata Oliv.).

XII Insects Bred from Decayed Onions

A number of insects breed in onions after the imported onion fly

larvse have caused decay. Stable fly {Stomoxys calcitrans Linn.)

larvae were found feeding in company with the imported onion fly

maggots, or in decaying onions which the latter had deserted. The
adults were often reared under field and laboratory conditions.

Glischrochilus (Ips) fasciatus Oliv., and its larvae were observed feed-

ing in decaying onions, which were or had been infested with the im-

ported onion fly larvae. The beetle and its larvae were commonly
found in decaying onions which had been plowed under as a fertilizer.

NOTES ON THE BROWN LACE-WING^

{Hemerohius pacificus, Bks.)

By Geo. F. Moznette, Oregon Agricultural College

A study of the above species was begun in the early part of Novem-
ber, 1913, and numerous observations have been made in the field,

while breeding experiments have been conducted in the laboratory.

This species, a member of the order Neuroptera, is of considerable

economic importance in that it is predaceous in its larval stage upon

the Aphididce or plant lice, Acarina or mites, and probably other soft-

bodied insects.. It was found to be particularly important in destroy-

ing the oviparous females of the Rosy Apple Aphis, Aphis sorbi Kalt.,

and the Currant Aphis, Myzus ribis Linn. However, this species preys

upon almost all species of Aphididce, and during July, 1913, it was

found quite abundant in hop yards feeding upon the wingless females

of the summer generations of the Hop Aphis, Phorodon humuli Schrank,

and also on the Red Spider of the Hop, Tetranychus telarius Linn.

Specimens in the college collection are recorded from Vale in eastern

Oregon, and Corvallis and Oregon City in western Oregon. It is an

important economic species in California, and is also found in the

states of Washington, New Mexico, Arizona, and the province of Brit-

ish Columbia. We can then assume that it is distributed over the

Pacific Coast regions.

1 This article is published with the permission of Prof. H. F. Wilson as a contribu-

tion from the Entomological Department of the Oregon Agricultural College.
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The determinations of the Aphids used were made by Prof. H. F.

Wilson to whom I am also indejDted for suggestions in this work.

The determination of the lace-wing was made for this department by

Mr. Nathan Banks, of the United States National Museum, Washing-

ton, D. C. He described this species in his paper entitled New North

American Neuropteroid Insects, Transactions of the American Ento-

mological Society, XXIV.
On November 3, 1913, numerous eggs and larvae were found among

colonies of Aphis sorbi Kalt. on apple trees in the experimental orchard

of the Oregon Agricultural College. The eggs are laid singly on the

lower surface of the leaves. They may be found placed indiscrimi-

nately over the lower leaf surface, but most of them are deposited next

to the midrib, lateral vein or in the axil of the two. They are laid

horizontally or on end, usually the former.

The egg is ovoid, white, changing to a light amber in the course of development and

growth, and measures .92 mm. in length and .40 mm. in width. The surface is retic-

ulated and at one end is located a small disc-shaped micropyle.

On November 29, 1913, a number of apple leaves free from eggs were

tagged on a small apple tree. Many eggs were found in the orchard

on this date. The tagged leaves were observed each day and Decem-
ber 1, 1913, three leaves were found each with a single egg. These

leaves were placed in vials to ascertain the incubation period. The
eggs developed, and hatched on December 10, 1913, the duration of

the egg stage being nine days.

The newly hatched larva is somewhat different from that of the

mature larva in that it is distinctly white in color, and the mouthparts

are much more prominent than in the later instars. The eyes are a

faint brown. It measures 2 mm. in length. Upon hatching, the

larva emerges from the egg at one end, and remains motionless for a

very short period, after which it immediately becomes very active

in search of food.

The larva moults three times, twice before spinning its cocoon and

once just before it transforms to the pupa. The third larval exuvium
is found in the cocoon. I have observed that the larvae of Hemero-

hius pacificus develop much more rapidly in warm than in cool weather.

Under the latter conditions, they seem to become more sluggish and
show a reluctance to feed. The larvae did not show any real disposi-

tion to cover themselves with Aphis skins, though they frequently

became entangled in the hairs and feet, and were involuntarily carried

about.

'

The larvae were supplied with an abundance of Aphis, consisting of

Aphis sorhi Kalt., Macrosiphum lycopersici Clark; and Amphorophora
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lactucce Kalt. The latter is very common in the fall on a species of

milkweed around Corvallis, Oregon. On approaching an Aphis the

larva makes a quick dart for it, inserts its piercing mouthparts, and
sucks the blood from the victim.

The accompanying table gives some data on the life history of three

of the larvae.

Duration of the Various Stages

Larva No. Hatched 1st moult 2nd moult 3rd moult Pupated Emerged

1 Nov. 23, 1913 Nov. 26, 1913 Nov. 28, 1913 Dec. 7. 1913 Dec. 7, 1913 Dec. 21. 1913

2 Nov. 11, 1913 Nov. 15, 1913 Nov. 20, 1913 Nov. 22, 1913 Nov. 22, 1913 Dec. 8, 1913

3 Nov. 22, 1913 Nov. 26, 1913 Nov. 28, 1913 Dec. 6, 1913 Dec. 6, 1913 Dec. 21, 1913

The duration of the larval stage and instars varies considerably

according to the nature and quantit}^ of the food supply and the rapid-

ity with which it feeds. Also the temperature. The larval period was

found to average fourteen days.

The larva is sort of spindle-shaped, tapering toward the caudal end. The mature

larva measures 7.5 mm. in length. The head is strong and bears large sharp curved

grasping and blood sucking mouthparts. The antennae are composed of three annu-

lated segments, the rings being very close together and not distinct so that several

cross lines occur connecting the different rings. The eyes are dark brown and almost

black. A dark brown line runs thi'ough the eyes as well as the center of the head.

The legs are whitish and the feet possess suckers which are sort of bell-shaped and

located between the claws. The abdomen is light amber in color with darker mark-

ings. On each side of the dorsal aspect there is a discontinuous line, each thoracic,

and the first few anterior abdominal segments possessing an irregularly shaped mark-

ing, brown in color. These markings are intersected by the thoracic and abdominal

sutures. There is also a line which runs down the center of the dorsum from the

head to the cauda. The underneath parts are pale amber colored fading to a whitish

color approaching the sides. The larva is slightly pubescent. The sucker at the

caudal end of the abodmen is used, as in the case of the larvae of the Coccinellidce, for

anchorage.

When ready to pupate, the larviB as a rule seek some crevice in the

bark, although cocoons were found in clustered leaves of apple curled

by Aphis, and on the under surface of the leaves of currant and hop

vines. Anthracnose cankers on trunks and limbs of apple trees make
desirable places for hibernation. Each larva upon finding a suitable

place immediately begins to construct a very thin, loosely woven co-

coon. When the cocoon is constructed it continues contracting, moults

for the last time and pupates. The cocoon is 5 mm. in length.
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The pupa is a light browTi in color, the thoracic and abdominal regions bearing the

same characteristic markings as are found in the larva. It is somewhat cylindrical in

shape curved and with the limbs and wings folded to the breast. The wing

pads are at first white changing to a hght amber in color. The antennae are now more

or less clavate. the segments not distinctly bead-like. The eyes are very prominently

black. It measures 4 mm. in length.

The insect on emerging from the cocoon ruptures one end, and the

pupa apparently cuts its way out of the cocoon as the pupal skin is

cast outside. The length of the pupal stage is fifteen days.

The adult is distinctly light brown in color, lighter at first, changing gradually to a

darker shade and is covered with short hairs. The head is small and pale in color.

The eyes are prominently black. There is a browri band below each eye. The an-

tennae are moniliform or bead-like in form. There is a browTi line at the base of each

antenna. They are pale amber in color. The thorax is pale and hardly brown.

The legs and abdomen are a little darker. Wings hyaline, the venation is somewhat

pale marked with brown spots which are darker at the base, rising from these spots

are indistinct oblique clouds. The gradate veins are mostly brown clouded forming

an indistinct band. Along the border are groups of brown spots and the pterostigma

is indistinct. The costal space is narrow toward the base and the median is much
bent toward cubitus at connecting veinlets. Three radial sectors, the upper branch

of the third forked before the inner gradate series, lower simple. Last gradate

veinlet of inner series is distinctly beyond the previous one. Hind wings white with

pale veins except few outer gradate ones. Expanse 18-21 mm.

When at rest, which is usually during the day, the wings are held

roof-like over the body. I have observed but few on the wing during

the day and then only when disturbed from their place of rest. Their

flight is slow and sluggish. When confined in breeding cages they do

not live more than three or four days.

Records of the feeding of five Hemerobius larvae are given as follows:

Aphids Eaten by Hemerobius Larv.«;

Number Aphids Devoured per Day

Total

Aphids

De-

voured

Larva

No.
Hatched

Dec.

11

Dec.

12

Dec.

13

Dec.

14

Dec.

15

Dec.

16

Dec.

17 OO

Q

Dec. 18-19-20

in Cocoon but not

Pupa until

Dec. 22-23-24

Average

per

Day

1 Dec. 10 10 26 24 25 26 24 29 32 196 24

9 Dec. 10 1.3 27 28 27 29 23 28 29 204 25

3 Dec. 10 19 29 28 29 30 25 26 30 216 27

4 Dec. 10 12 26 27 28 25 24 28 31 201 25

5 Dec. 10 10 23 23 24 26 23 29 33 191 24
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In studjdng this species, the experiments were conducted under

laboratory conditions where the temperature varies. Temperature
readings during day were between 60-80 degrees and during the night

between 40-50 degrees Fahrenheit. Observations were made on
forty-seven eggs, twenty-two hatched and transformed into adults.

The life cycle according to observations under these conditions re-

quired an average period of thirtj^-eight days.

Explanation of Plate 15

No. 1. The egg in situ on leaf. (Much enlarged.)

2. Cocoon. (Much enlarged.)

3. Pupa. (Much enlarged.)

4. Larva. (Much enlarged.)

5. Adult. (Much enlarged.)

6. Cocoon with top dissected away to show pupa. (Much enlarged.)

7. Showing pupa encased in cocoon. (Slightly enlarged.)

TH^: MOUTHPARTS OF THE THYSANOPTERA AND THE
RELATION OF THRIPS TO THE NON-SETTING OF CER-
TAIN FRUITS AND SEEDS

By Arthur D. Borden, Pasadena, California

The asymmetry of the mouthparts of the Thysanoptera has been

known for a long time, and a number of papers have been published

describing in more or less detail the general characters of the mouth-

parts. In the present paper is presented a detailed account of the

mouth structure of the thrips based on a considerable comparative

stud}^ of the mouthparts. It also includes some observations on the

feeding habits and on the damage done by certain of the economically

important species. As examples of what serious pests are contained

in this group of insects, there need only be mentioned the pear thrips

(Euthrips pyri), the wheat thrips {Euthrips tritici), the orange thrips

{Euthrips citri), the grass thrips {Anaphothrips striatus), the onion

thrips (Thrips tabaci), the tobacco thrips {Euthrips fuscus), the

greenhouse thrips {Heliothrips hcemorrhoidalis) , and the bean thrips

{Heliothrips fasciatus). Nearly all of these are recognized as pests

in the state of California.

The earliest considerable description I have been able to find of

the mouthparts is that of Karl Jordan (1888), on Parthenothrips dra-

ccence, a fairly accurate description and quite well illustrated. Then
came the account of H. Garman (1890), on Limothrips cerealium, who
points out the error in considering the articulated lobes of the maxillae

as the mandibles, and suggests that the unpaired organ is truly the

mandible. In 1891 J. Bohls published as a doctor's dissertation at
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Gottingen an account of the mouthparts. Then follows the account

in Uzel's Monograph (1895) in which Uzel adopts Garman's views as

to the structure, excepting that he differs with Garman in regard to the

mandibles, Uzel holding that the lobes of the maxillae are the mandibles

and calling the mandible of Garman the epipharynx. Garman again

presented his theory, in the American Naturalist (1896), and offered

a strong argument to support his views. In 1899, Pietro Buffa, an

Italian, described the structure of Heliothrips hcemorrhoidalis, giving

a fairly accurate description, although his illustrations are confusing.

Finally, in 1902, W. E. Hinds gave a very good description of the

structure of the mouthparts of Anaphothrips striatus, but his figure

is at most only diagrammatic. YQvy little comparative work had been

attempted before the work of Hinds.

The presenit work is based on studies made of representatives of all

three families of the Thj^sanoptera, including twelve of the genera and

some twenty odd species. The material was all collected in the Santa

Clara Valley, California. The method employed in collecting and

preparing was as follows: The thrips were collected and killed by

dropping them directly into 70 or 80 per cent alcohol; dehydrated by
passing them successively through 90, 95 and absolute alcohol, then

cleared in xylol and mounted in balsam. As soon as mounted, the

mouthparts may be separated out by carefully pressing and moving

the cover slip with a needle, under the low power of the compound
microscope, until it can be seen that the parts are sufficiently separated.

In some cases the specimens were cleared by boiling in KOH a few

seconds before mounting.

The work and preparation of this paper were carried on in the Ento-

mological Laboratory of Stanford University'.

The Mouthparts

The mouthparts of the thrips appear as a broad unjointed cone

attached to the extreme posterior edge of the under side of the head and

carried so far back that it lies largely under the pronotumwhen at rest.

The apex of the cone is usually quite sharp, as in many of the Phloeo-

thripidse, in which case the separate parts are longer and more tapering

than where the tip of the cone is more blunt, as in many of the Thripidse.

The shape of the cone is not of. the same type throughout any one

large group or even for the different families, but varies greatly even

for the different genera in the same family.

In the suborder Terebrantia, the mouthparts are connected to the

frons by a strongly chitinized thickening rounding the head (PI. 16, figs.

1, e and 2, e) which is more or less oblique on the front of the head. In

this suborder there is also a strongly chitinized thickening extending
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from this circular band to the left eye (PL 16/figs. 1, h and 2, b) and a

rudiment of one under the right eye (PI. 16, figs. 1, a and 2, a). At each

side of the head and extending a short way down the side of the mouth
cone is a peculiar curved spine which may possibly serve as a strength-

ening rod to the side of the cone (PL 16, fig. 2, d). The suborder

Tubulifera has the connection with the eye wanting.

The general makeup of the mouthparts of the different species is quite

similar, the greatest difference occurring in the shape of the parts in

those species where the cone is blunt instead of sharp. In the former

case, the separate parts are heavier and broader and necessarily

shorter. There is also some difference in the number of segments

of the labial and maxillary palpi, as will be noted later. The mouth-
parts of the young are similar to those of the adult, though less strongly

chitinized.

As to the asymmetry of the mouthparts, I have adopted Garman's
views and consider the unpaired organ on the left side as the mandible.

The labrum and the clypeus also show asymmetry and these will be

discussed separately.

Labrum.—The labrum (PL 16, fig 1, I) forms the front of the cone

and is asymmetrical in all the thrips. It is composed of two segments

closely united and is distinguished from the clypeus (PL 16, figs. 1,

c and 2, c) by a membranous connection. It is long, slightly curved

and bears at the tip a round socket through which the stylets pass (PL

16, figs. 3 and 3, a). So far as I know, this condition has not been

pointed out before. The labrum is drawn out on the right side and

nears the edge of the clypeus. The clypeus is decidedly as3^mmetri-

cal and curves high on the left side, thus forming the, broad part of

the membranous connection between it and the labrum.

Maxilla.—The maxillae (PL 16, figs, 1, g and 4) form the side walls

of the mouth cone. They are triangular in form, and taper strongly

towards their tips which fit closeh^ about the tip of the labrum. About

the middle of the maxillae are borne the maxillary palpi (PL 16, fig. 4,

b) which bear a few tactile hairs. The maxillary stylets, or lobes

(Pi. 16, figs. 1, i and 4, i ), are borne at the top and are jointed, being

composed of a short stout arm and a long tapering stylet. By low-

ering the angle of the short arm with the main part of the maxillae,

the stylets are thrust out. The segments in the maxillar}^ palpi

differ greatly in number and shape with different genera, even in the

same family. For example, in the family Aeolothripidse, members of

the genus Orothrips have seven segments, of the genus Erythothrips

• eight segments, and of the genus Aelothrips three segments. The
usual number in the family Thripidae is three although often only

two occur. In the family Phloeothripidae the usual number is two.



June, '15] BORDEN: IMOUTHPARTS OF THE THYSA^^OPTERA 357

The segments may be short and stout, as in the genus Orothrips, or

they may be long and cyHndrical as in many of the genera of the

Thripidse.

Labium.—The labium (PI. 16, figs. 1, a, 7 and 7, a) forms the hind

wall of the mouth cone. Where the mouth cone is blunt, the labium

is usually ver}^ broad and heavy, and where the mouth cone is sharp,

the labium is narrowed. The labial palpi (PI. 16, figs. 1, k and 7, k)

are borne near the tip, and the very tip of the labium is lobed and bears

a tactile hair on each tiny lobe. There is a strong chitinous bar (PI. 16,

figs. 7, a-n) extending down near the median line of the labium which

divides near its base and ends in two peculiar, spear-shaped parts.

This bar is undoubtedly a strengthening device for the fleshy labium.

The labial palpi differ as greatly as do the maxillary palpi within the

different families. In the Phlceothripidse they, are usually described

as having but one segment and in the Thripidse usually two, while in

the famil}" Oelothripidse the genus Orothrips bears five segments and

the others but four. In most Thripidse that I have examined there

seems to be but a single segment composing the labial palpus.

Within the hollow^ of this mouth cone we find the maxillary stydets

already described, the single mandible on the left side, and an organ

which I have taken to be the hypopharynx.

Mandible.—This is a large, strongly chitinized, styliform organ

on the left side (PI. 16, fig. 1, /) and joined by its broad base to the

chitinous band in the frons just where the connection is made with the

bar running to the left eye. The mandible is peculiarly fitted to this

side of the head, and I have been unable to find anything corre-

sponding to it on the right side, though several authors have described

a rudimentary part. Although the mandible may differ slightly in

shape in the different groups, the structure is essentially the same
throughout. It is made up of a bulbous chitinous base with a strong

muscular attachment and a long sharp stylet slightly angled at its

base.

Hypopharynx.—Just below the mandible and on the base of the

mouth opening, viewing the mouthparts from the front, is a large styli-

form organ passing through a groove or socket (which is attached to

the floor of the mouth opening) and with a strong muscular attachment

reaching well up under the frons of the head. This I take to be a

hypopharynx. It has been only partially described before. Jordan

describes the upper section and suggests that it is a hypopharynx;

Buffa describes it in part and also figures an epiglottis; Hinds simply

mentions it but does not attempt to describe it. In none of the accounts

has it been described as styliform as I have found it in my preparations.

This I take to be used much as is the mandible in feeding.
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Obsekvations on Feeding Habits

The mouthparts of the Thysanoptera are probably used almost

entirely for sucking although they have been repeatedly described as

intermediate in form between those of sucking and chewing insects. In

feeding, the insect begins by a forward and backward movement of

the head and by this sort of rasping movement punctures the epidermal

cells of the plant tissue. It then lowers its head and begins to suck

up the plant juices. It remains here until the punctured cells are

nearly emptied when it moves on a bit and repeats the operation.

From the structure of the mouthparts it appears that the strong

mandible and possibly the hypopharynx are used in breaking the cells

of the tissues, while the finer stylets of the maxillae are using in lancing

the softer tissues. The tip of the labrum placed over the puncture

forms a close connection and the juices are easily sucked up into the

mouth. The whole mouth cone is fitted for sucking and most likely

the food is almost entirely plant juices. I have made observa-

tions on the greenhouse thrips, Heliothrips hoemorrhoidalis and Par-

thenothrips dracoenoe on leaves of a greenhouse plant, and also on

Euthrips pyri, the pear thrips, on fruit blossoms, as well as Euthrips

tritici and Euthrips occidentalis on alfalfa blossoms. The feeding habits

of the young are similar to those of the adult.

Results of Feeding on Deciduous Fruits

On the deciduous fruits the thrips feed on the tender floral parts

(the tips of the petals of the opening buds and later on the inner floral

parts including the tender stigma) with very damaging results to the

setting of the fruit, where the insects occur in any great numbers.

The injured tissues at first turn brown and later black, often resulting

Explanation of Plate 16

Fig. 1. Head of Euthrips tritici: a, rudiment of chitinous band to right eye; ht

chitinous band to left eye; c, cljrpeus; d, chitinous band under frons; /, man-
dible; g, maxilla; h, maxiUary palpus; i, maxiUary stylet; j, labium k, labial

palpus; I, labrum; m, hjrpopharynx.

Fig. 2. Same with mouth parts removed: a, rudiment of chitinous band to right eye;

h, chitinous band to left eye; c,clypeus; curved spine from chitinous band;

e-chitinous band.

Fig. 3. Tip of labrum, side view.

Fig. 3a. Tip of labrum, under-side showing stylets in position.

Fig. 4. Maxilla: e, part of chitinous band; g, main -part of maxilla; h, maxillary pal-

pus; i, maxiUary stylet.

Fig. 5. Hypopharynx removed, showing socket and muscular attachment.

Fig. 6. Mandible removed.

Fig. 7. Labium ventral side.

Fig. 7a. Labium dorsal side, showing chitinous rod (n).
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in premature falling of the flower before setting of the fruit. In the

Santa Clara Valley I have examined peach blossoms which contained

a great number of thrips and even before the fruit had had a chance to

set the damage was so serious that by gently stripping my hand down
a twig nearly every blossom would fall. The almonds, the first crop

to blossom, are damaged to a slight extent where the thrips occur

in numbers, but the prunes, plums, peaches, apricots and cherries,

which follow in rapid succession, are the fruits which are damaged the

most. This had been an unusual spring (1913) for thrips and they

have done serious damage to crops in the Santa Clara Valley. One
orchardist estimated that nearly two-thirds of the ''set'" on his peach

orchard was destroyed by thrips this j^ear. These trees are commonly
infested with Euthrips pyri. Euthrips occidentalis, Eufhrips tritici,

and Oelothrips kuwanaii, though Euthrips pyri occurs in much the

greater numbers.

Damage to Alfalfa Grown for Seed

On alfalfa I have collected quantities of Euthrips tritici and Euthrips

occidentalis. Though alfalfa is not grown for seed in the Santa Clara

Vallej^, I have had a chance to observe the work of the thrips, as the

insects occur in considerable numbers there. The damage here is

much the same as in the flowers of the deciduous fruits. The j^oung

floral parts are attacked, and the damage results in the premature

falling of the flower or the young seed pod. Though the oyslyj is

very pubescent 1 have observed thrips feeding about the base and also

along the tender stigma. Often I have found specimens of alfalfa

where nearty all the small pods had dropped from the main stem and

only a few remained near the tip. Where this damage could not be

directly traced to the feeding of Diabrotica soror, and the thrips were

present in great numbers, the damage was most likely the result of

thrips attack.
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FURTHER EXPERIMENTS IN THE CONTROL OF THE TAR-
NISHED PLANT-BUG

Lygus pratensis Linn.

By M. D. Leonard, Ithaca, N. Y

J

In June, 1914, Professor C. R. Crosby^ and the writer published a

bulletin on the tarnished plant-bug, in which were recorded the results,

all negative in character, of experiments performed in a nursery near

Rochester, N. Y., where the insect has been very destructive to peach

stock. The conclusion was reached b}^ the writers that:

''The foregoing experiments show that it is doubtful whether the

injuries to peach nursery stock by the tarnished plant-bug can ever be

prevented b}^ the use of deterrents, or whether the adult bugs can be

killed under actual field conditions by any contact insecticide now at

our disposal. Catching the bugs by mechanical means has thus far

been unsuccessful. Furthermore, either catching or killing the bugs

in the nurserv would be of very little value in protecting the trees,

because of the invasion of the blocks by swarms of bugs from adjoining

fields. It would seem that the only feasible means of preventing

the injury to the trees would be either by excluding the adults

from the nursery blocks by a wire screen fence, or by enclosing the tips

of the terminals in bags during the period in which most of the injury

is inflicted. It might also be possible to prevent some of the loss from

this cause by assisting the trees to outgrow the injury by proper

pruning and cultural methods." (Crosby & Leonard, 1914:497.)

The suggestions for future experimental work contained in the above

statement were folloAved out in the same nursery during the past sum-

mer and it is the results of these experiments which are presented in

the present paper.

Fencing

In order to thoroughly test the efficiency of excluding tarnished

plant-bugs from the nursery blocks by means of a fence, an experiment

was carried out using wire screen cloth on a much larger scale than that

of the previous summer. It had been our experience during the

seasons of 1912 and 1913 that the insects did not appear on the peach

stock in any considerable numbers till about June 23, and that then,

> I wish to express my thanks to Professor Crosby, under whose direction the work

outUned on this paper was done, for assistance in planning and carrying out the ex-

periments.
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^dthin a few days, their numbers increased rapidly. Accordingh^, in

order to have the fence up and in working order by that date, its

erection was commenced on the fifth of June. Ordinary wire screen

cloth 6 feet wide was used to enclose a rectangular area 470 feet by 240

feet which therefore contained 2.59 acres. This enclosure was placed

in a 13-acre block of peach ''buds." A narrow strip of ornamentals

bordered the fence on the west side; the other three sides were sur-

rounded b}^ peaches.

Hickory posts 9 feet long were sunk 2 feet into the ground at intervals

of 10 feet. The wire screen cloth was then fastened to these uprights

with, heavy staples. In order to prevent any insects from crawling

through open spaces at the bottom due to irregularities of the ground,

the dirt was banked up firmly 3 or 4 inches at the base. At one corner

a flap of the wire was arranged so that it could be opened in order to

admit teams and workmen. Since the rows ran north and south, on

the inside at the north and south ends the trees were dug out for a

distance of about 10 feet in order to provide a turning place for the

mules and cultivator.

It had been previously observed that though the tarnished plant-bugs

did not actually fly over the fence from the surrounding weeds or

nursery stock they would, however, fly onto the fence, crawl to the

top and then fly into the enclosure. In order to prevent this a strip

of 0. & W. Thum's Tree Tanglefoot about 4 inches in ^^ddth was applied

along the upper edge of the wire cloth. The method of application was

as follows: Two men worked together, one on each side of the fence.

Wooden paddles w^ere used, the ends of which were cut at an angle and

bevelled. The tanglefoot was applied from the outside and pressed

back and forth until a uniform thickness of about 1/10 inch was

obtained, the man on the inside always finishing so that the greater part

remained on the outside of the wire cloth.

It took two men about an hour to put on such a band of tanglefoot

100 feet in length. A pail of tanglefoot containing about 25 pounds

covered about 300 linear feet.

In another part of the nursery in which about 13 acres of peach

seedlings were planted, a similar fence was constructed but the enclosed

area was much smaller, the dimensions being 190 feet b}' 100 feet.

Most of the observations were made, however, at the larger enclosure

as it was nearer to the laboratory. This enclosure was completed on

the 12th of June and the smaller on the 16th.

The cost of construction of the two fences together, including

materials and labor is shown in the follomng statement.
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Cost of Construction

2,000 linear feet wire screen cloth, 72 inches wide, 12 meshes to the inch, at

$1 .70 per hundi-ed square feet $204 . 00

Tanglefoot, 175 pounds 30 . 00

Poles used for uprights, 200 at 5c per pole 10.00

Materials and labor

Construction of fence, 145 hrs. at 20p per hr 29.00

Applying tanglefoot, 40 hrs. at 20c per hi- 8.00

Mounding dirt at bottom, 5 hrs. at 20e per hr 1 . 00

Total $282 . 00

The peach blocks were first examined on June 4 and at that date a

tarnished plant-bug nymph in the third instar was found. On June

6, two adults were captured. On June 9, two adults were taken inside

the enclosure and four outside; the following day two inside and
none outside, and on June 10, two inside and one outside.

In order to determine whether tarnished plant-bugs were getting

over the fence into the enclosure, careful counts were made at short

intervals. There were 66 rows inside the enclosure, each about 450

feet in length. An equal distance was measured off on these same rows

immediately south of the enclosure as a check plot. Every eighth

row was selected and the number of tarnished plant-bugs occurring on

each row recorded. The insects were caught by walking along the

rows and sweeping the trees with an insect net. The following table

is a record of these counts made from June 15 to July 24.

[Table Sho-s^ ing the Number of Taexished Pl.axt-Bcgs CArcHT per Row in the Peach Blocks

Enclosure

June 15 17 18 22 23 25 26 30 Jy.4 7 9 14 18 24

Row 1 . . . 2 1 1 4 4 7 20 4 15 4 9 20 32 6 19

9. .

.

0 0 1 3 0 4 6 4 11 12 23 25 22 3 22

17. . . 0 0 0 0 0 6 12 11 14 36 54 61 44 10 12

2.5. . . 0 0 0 0 3 5 12 13 21 76 112 60 50 25 13

33. . . 0 0 0 4 2 1 12 20 18 26 46 50 14 12

41. . . 0 0 0 0 6 3 6 4 17 13 26 29 60 17 25

49. . . 0 0 0 2 3 11 10 17 12 30 39 72 50 28 15

57. . . 1 0 0 2 2 6 11 23 31 78 78 81 59 22 11

65. . . 2 0 1 0 7 11 13 30 21 47 27 62 47 25 20

Total 5 1 3 15 27 54 107 118 162 314 394 456 414 150 149
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Check Plot

Row 1 . . . 2 0 4 7 8 12 7 9 18 10 20 51 45 9 10

9. . . 0 0 2 6 2 20 6 17 21 6 62 111 60 30 16

17. . . 1 1 1 9 4 8 18 24 37 11 77 108 62 47 18

25 . . . 2 0 6 5 9 34 24 34 24 46 78 87 88 26 30

33. . . 0 2 2 6 40 15 25 33 80 112 61 62 24 20

41. . . 1 1 2 20 7 32 21 29 54 29 150 123 125 34 17

49. . . 1 2 7 22 9 31 17 32 37 67 124 . 150 84 33 12

57. . . 0 0 0 17 4 18 12 25 53 99 146 140 67 8 22

65. . . 0 1 3 19 9 31 18 42 70 100 185 136 169 27 21

Total 7 7 27 112 58 226 138 237 347 448 953 967 762 238 166

It was at first proposed to count, at intervals of several days, the

number of injured terminals on six rows inside the enclosure and on

six rows of equal length on the check plot outside of the enclosure. The
number of trees in each of these rows was therefore counted and the

percentage of injured terminals was to be determined. The number of

injured terminals was counted at intervals of 3 or 4 days but it was found

that by the twenty-ninth of July about 75 per cent of the trees on the

inside of the enclosure and of those in the check plot had been stung

and the counts were discontinued. The number of injured trees

increased at about an equal rate in both the enclosed and the check plot.

The nursery was visited again on November 8 and there was about 95

per cent injury both inside the enclosure and on the check plot.

At the time the fence was erected the number of tarnished plant-bugs

w^hich had appeared in the nursery blocks was negligible. By examin-

ing the totals in the above table it may be seen that during the period

in which it was under observation the fence did keep out many of

the tarnished plant-bugs, in some cases over 50 per cent, but from the

final condition of the trees inside the enclosure as seen on November
8 not enough had been excluded to make its use worth while.

The behavior of these insects on the fence was carefully observed

from day to day. It was found that very few of the bugs would alight

on the fence higher than three feet from the ground. The}^ would

then make their way to the edge of the tanglefoot by walking or by a

series of flights of six or eight inches each. From this point it required

but a short flight to carry the insect over the width of the tanglefoot

and into the enclosure. Some, of course, did not act in this manner but

after walking or flying about a little returned to the weeds or peach trees.
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Although the tanglefoot band soon became filled with insects of

many kinds—flies, beetles and bugs, it was noticed that practically no

tarnished plant-bugs had been captured. Time and again these insects

were seen to either crawl or fly onto the tanglefoot, walk about upon

it, and then either crawl back onto the wire cloth or proceed to the top

of the band and fly into the enclosure. This was not due to the fact

that the tanglefoot did not remain sticky for it caught other insects con-

stantly. But one tarnished plant-bug was observed to crawl through

the meshes of the wire cloth and this one only when a cyanide bottle

had been placed over it.

On November 8 the peaches were examined and when the enclosed

block and the check block were compared as a whole no difference

could be seen in the growth of the trees as affected by the tarnished

plant-bug.

Bagging

When the tip of the leader on a peach nursery tree is stung" by

the tarnished plant-bug the upward growth of the tree is checked, the

nourishment is thrown into the laterals, and a short bushy tree which

has lost much or all of its market value is the result.

In July and August, 1913, preliminary experiments were performed

in protecting the terminals of the peach trees from tarnished plant-bug

injury by placing paper, mosquito netting and cheese-cloth bags

over them. From the results obtained it seemed that it might be

feasible to protect the tips by means of five-pound unglazed paper bags

without injury to the foliage. Accordingly on June 18, 1914, before

any of the tips had been stung, row 15 south and west of the fenced

enclosure consisting of about 450 trees, was bagged with five-pound

unglazed paper bags. These were placed over the tips so as to leave

about three inches between the tip of the leader and the bottom of

the bag in order to allow for some growth. The bags were folded once

at the bottom so as to close the opening as completely as possible and

fastened together with two pins. It was found that one man could

put on 100 bags in slightly less than an hour.

On June 26 these bags were examined and it was seen that as the

tips of the young trees were still tender they were being bent far over

to the east, due to the weight of the bags and the constant west winds

which continually blow over the nursery blocks. On this date 300 bags

were placed on trees in th^ first row west of the enclosure.

On June 30 all the bags were removed as it was found that they

were impeding the growth and destroying the shape of the trees. On
row No. 1 the foliage under the bags was somewhat cramped, though

not greatly so as they had been on only four days. The tips, however,

4
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were badly bent over to the east and several were broken, off. On row
No. 5 in most of the cases in which the pins had not been stuck through

several leaves the bags had been blow^n off. Those bags which still

remained on the trees had bent the tips over at right angles or even

farther. It was evident that it was wholly impracticable to place bags

over the terminals at this date because they were as yet too tender

to stand the strain due to the weight of the bags in the wind. This

method of protecting the peach trees from the attacks of the tarnished

plant-bugs was, therefore, abandoned.

Pruning

Phillips (1906) described a method of pruning to overcome a similar

trouble of peach nursery stock. Although he attributed the injury

to an undetermined species of mite, the sj^stem of pruning recom-

mended b}^ him would apply equally well if the injury were caused

by the tarnished plant-bug. His experiments are as follows

:

''He attempted to assist the tree to outgrow the injury b}^ judicious

pruning in May and June. On May 18, injured trees were pruned by

pinching off the terminal bud, which had ceased to grow, giving one of

the side shoots near the tip an opportunity to push up almost straight.

The tips of the other laterals were also pinched off so as to throw the

growth into the bud that was left at the top. On August 15 an exami-

nation showed that of the pruned trees, 68 per cent and 73 per cent of

Wonderful and Champion, respectively, had grown straight. Unfor-

tunately, no check is available for comparison, and it is also to be noted

that only 13 per cent of the total number of trees were injured in the

first place, which is a very much smaller percentage of injury than is

common in nurseries in New York. On June 22, other trees of an

unknown variety w^ere similarh^ pruned, except that some of the

lower laterals were cut off close to the trunk. In this case only

twentj^-five trees were treated. By the 15th of August, 88 per cent of

the pruned trees had grown up straight." (Crosby and Leonard,

1914:491.)

Back and Price (1912:334) state that this method of pruning is

''worthless during the period of greatest actiidtj^ of pratensis, for as

fast as a new shoot was formed, the terminal bud was at once killed."

Quaintance (1912:108) quotes a letter from a Marjdand nursery firm

in which the follomng statement is made:

"The past summer we kept a gang of men going over our peach

blocks and cutting or heading-in the side branches in order to throw

the growth to the terminals and make them start a second growth.

In this way we got our trees to start to grow and the most of them

finally outgrew the trouble. We know no other remedy than to cut

the side branches back tAvo or three inches."
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Because of the favorable results obtained in Maryland and Virginia

it was deemed ad\dsable to give this method of pruning the trees a

trial. On July 29, injured trees in three rows were treated as follows:

Row a. Forty trees were pruned by cutting off the injured leader

down to the first healthy lateral below it. Three or four of the other

top laterals were then headed in 5 or 6 inches in order to throw most of

the growth into the one chosen to continue the upward growth of

the tree.

Row h. Fifty-seven trees in this row were similarly pruned except

that about ten of the higher laterals on each tree were headed in.

Row c. Twenty-five trees were pruned in the same manner as were

those in row b but in addition the lower laterals were cut off entirely

to a height of about twenty inches. It is the practice in this nursery

to trim off the lower laterals some time in August or later in the season,

depending somewhat upon the condition of growth of the trees and the

availability of labor. This last method was, therefore, simply the

regular fall pruning made at an earlier date.

On November 9 the peach blocks were visited and the pruned trees

examined. The results were, on the whole, unsatisfactory. The
laterals of all the peach trees in the nursery had made good growth

since they were last examined on July 29, due to plentiful rains in

August. The weather during June and July had been extremely

dry. However, no difference could be noticed between the amount
of growth made by the pruned trees in rows a and h and the unpruned

trees about them. In row^ c three or four of the pruned trees had

practically outgrown the injury, these, however, constitute only about

12 per cent of the trees treated in this manner.

The early pruning of the lower laterals at such time as most of the

tarnished plant-bugs will have left the peach blocks seems to give

promise of aiding the trees to outgrow the injury. Much depends,

however, on the condition of the weather and the amount of growth the

trees make after being pruned. Xo further conclusions can be drawn
as to the exact value of this operation until it has been tried out on
a much larger scale.
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NOTE ON THE LIFE HISTORY OF ENCHENOPA BINOTATA
SAY (MEMBRACID^) ON THE BUTTERNUT^

W. D. FUNKHOUSER

Enchenopa binotata Say occurs in abundance in the vicinity of Ithaca,

N. Y., on the butternut, and its life history on this host differs in some
interesting respects from that which has usually been described for

this insect.

The species is well known and widely distributed throughout eastern

United States and its unique form and interesting habits have been

productive of numerous references to its appearance. Dr. J. A. Lintner

in 1882 described in some detail its habits and particularly its peculiar

egg-mass in his First Report ^ and Matausch has given an excellent

account of its usual life history with a complete series of drawings

showing the froth-covered egg-masses, eggs, consecutive instars of the

nymphs and views of the adults in his paper in 1912 in the Journal of

the New York Society.^

The most characteristic feature of the life history of this species of

membracid as compared with other Membracidse is its peculiar habit

of covering its eggs with a frothy mass which has often been confused

with other insect deposits. The eggs are usually laid in two nearly par-

allel slits in the bark and the froth is placed over the slits in curious

corrugated layers. This has often been observed on bitter-sweet, locust,

grape and certain viburnums and on the hop-tree {Ptelea trifoliata L.)

on which the insect appears to be particularly abundant and which

Lintner states is its favorite host. The nymphs are gray-brown, some-

times tinged with greenish, and the adults light ferruginous brown with

characteristic yellow bands on the pronotum. The males are usually

darker than the females. These habits are to be noted commonly in

this locality when the insect chooses for its host the locust {Robinia

pseudacacia L.) or the bitter-sweet (Celastrus scandens L.) on both of

which plants it is very common. Locally, however, the species is much
more abundant on the butternut {Juglans cinerea L.) than on any other

host, and it is on this tree that it deviates from its usual habits.

It was first reported as inhabitating the butternut by Fitch in 1851 ^

but apparently its life history on this host has not been recorded. Here

1 Contribution from the Entomological Laboratory of Cornell University.

2 Lintner, J. A. First Annual Report on the Injurious and other Insects of the

State of New York. Albany, 1882, 281-288 p.

3 Matausch, I. Observations on the Life History of Enchenopa binotata Say.

Jom^n. N. Y. Ent. Soc, March, 1912, Vol. XX: No. 1, p. 58-67, pis. V and VI.

^ Fitch, Asa. Fourth Annual Report of the Regents of the University of the State

of New York on the State Cabinet of Natural History. 1851.
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the eggs are laid, not in the bark of the slender twigs, but at the base of

the buds and in the buds themselves. In oviposition the female rests

on the bud with the head pointed towards the apex and inserts the ovi-

positor in the base of the bud, usually between tw^o of the lower scales,

especially w^hen the winter eggs are being deposited. The ovipositor

sometimes enters the twig just below the scales but in almost all cases

the insect has some part of its body resting on the bud. Oviposition

lasts from ten to twenty minutes after which the insect moves shghtly

around the twig or to a neighboring bud and repeats the process; three

consecutive ovipositions by one female have been noted in the field.

This process is most commonly observed during the latter part of

August. The egg-slits are rather large, about 1.5 mm. long at the

opening and 3 mm. long at the bottom of the slit, and since the buds

at the time the eggs are laid, are not usually more than 6-8 mm. in

diameter, and the twigs below the buds, which are occasionally in-

fested, about 5-6 mm. in diameter, the egg-mass occupies a considerable

part of the host. Two such slits are made, side by side, and about 2 mm.
apart. They diverge at the bottom, however, the planes of the slits

being at a considerable angle, so that the bottoms of the slits are some

distance apart, often at opposite sides of the bud. In each of these

punctures from three to six eggs are laid, the usual number apparently

being five on each side. The eggs are about 1.5 mm. long and .3 mm.
in greatest diameter, often slightly flattened, somewhat curved, more
or less flask-shaped and of an opaque white color. The eggs are seldom

covered with the frothy deposit so characteristic of this species on

other hosts. At first I believed that it was never present, but I have

occasionally succeeded in finding it. When present it is not white but

a dirty yellow and much thinner and smoother than that which covers

the eggs on the locust, on which host I have often seen the insects excrete

the substance. I have never found this frothy mass on the buds but

only on the twig at the base of the bud. Whether the epidermis of the

butternut is or is not conducive to this method of egg protection would

be a matter of conjecture.

The nymphs first appear locally about the first week in May. The
earliest field record is May 3, 1912. There are five instars, each of

which may be recognized by more or less distinct characters of the

thorax and abdomen. The nymphs are covered with a white powdery
coat which is almost w^oolly in the younger stages. On the butternut

the nymphs retain this w^hite covering throughout the entire five stages

and the last nymphal skin is snowy white, particularly onthethorax and
on the sides of the abdomen. The opposite is true of the nymphs on other
hosts, w^hich, as observed by Matausch {ibid., p. 65), lose this powdery
coating after the second molt. The development of the nymphs re-
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quires approximately six weeks: a colony which had just emerged on

May 10, 1913, was enclosed in netting and of these the first adults

appeared on June 21.

The ecdysis consumes from ten to fifteen minutes, the epidermis

first splitting on the top of the head, then down the dorsal line of the

thorax and finally down the abdomen. The head is first released,

appearing rather suddenly, the legs are withdrawn more slowly, and

the abdomen gradually worked out of its old skin, leaving a very per-

fect exuvium. For the last molt the insect moves to the underside of a

leaflet and fastens itself securely by the first two pairs of legs. The
newly emerged adult is very soft-bodied and almost white, but the

normal colors appear in about fortj—five minutes.

The adults are first seen in large numbers about the first of July.

There is no e\4dence to show that they winter over in the adult stage.

They are usually found grouped about the petioles of the leaves, some-

times on the leaflets, rarely on the Uxigs and never on the trunk.

Unlike most of the local forms of the family, they are often found high

up on the trees, although generally preferring the sunny ends of the

lower branches. They are very active and fly well, leaving the petiole

with a quick ''snap" and flying occasionally for several hundred feet.

The adults are most numerous in this \dcinity in late Julj^ and early

August and at this time are very abundant. On August 9, 1912, over

200 individuals were collected from one tree in the course of a half

hour's collecting and on July 22, 1914, 162 specimens were taken from

the lower branches of another tree in a few minutes by three persons

collecting. The insects on the butternut are much darker in color

than the individuals on other hosts. The males and females are ahke

in color, both being of a very deep brown, almost black, and both sexes

being darker than the males of the species usually appear. So notice-

able is this, that when mounted in a cabinet with specimens of the

same species collected on other hosts, the difference is at once remarked.

It would be interesting to know w^hether the sap of the butternut on

which the insects feed, has anything to do with this variation in

color.

It is interesting to note that locally, at least, Enchenopa binotata

is not attended by ants, and there seems to be no record of such atten-

dence in literature. This is rather remarkable in view of the fact that

most of our Membracidse, particularly in the nymphal stages, are so

attended. The nymphs of this species show the same extended anal

tube as the nymphs of those species which excrete the fluid which

attracts the ants, and they appear in numbers sufficiently large as to be

easily discovered by the latter if there was any occasion for this mutual

relationship. It should be noted in this connection, however, that
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Baer has described ^ a species of the same genus, Enchenopa ferruginea

Walk., as being attended by ants, and he has observed this species

giving off the so-called '^honey-dew."

Enchenopa binotata appears commonly in this vicinity on locust,

bitter-sweet, wild grape, sycamore, hickory and willow, as well as on

the butternut but on none of the former hosts does it show the dark

color, the absence of the frothy deposits or the habit of laying eggs in

the buds.

This species appears to be of decided economic importance, since it

has been reported on a wide variety of host plants and has been known
to seriously injure many of them. In the case of the butternut the

buds are often entirely destroyed and adventitious growth is found

starting from beside the punctured buds which have failed to develop.

I am indebted to Miss Leona Smith for a very fine series of both

nymphs and adults of this insect, all collected from the butternut.

EFFECT OF LOW TEMPERATURE ON THE OYSTER-SHELL
SCALE

{Lepidosaphes ulmi Linn.)

By R. L. Webster

The writer has already noted in general the fact that certain low

temperatures of January, 1912, killed the eggs of the oyster-shell scale

in many localities in lowa.^ Late in 1912, nearly a year after the

extreme cold weather, some further data were obtained on the subject.

Circular letters requesting samples of the scale were sent out from the

office of the State Entomologist to correspondents that had previously

sent in specimens. Again in December, 1914, letters requesting addi-

tional scale-infested twigs were sent out. All these samples were

examined by the writer for sound eggs.

The results in the two years were very different. In the first case,

scarcely any scales containing sound eggs were found. In the second,

however, most of the samples contained scales with sound eggs. The
scale had been practically wiped out in 1912, but in January, 1915, had

regained most of the lost ground.

An account of the examination of the samples follows. The notes

used are from the files of the entomological section of the Iowa Agri-

cultural Experiment station at Ames.
In order to understand the significance of these observations a brief

outline of the life history of the oyster-shell scale is necessary. During

^ Baer, G. A. Note sur un Membracide myrmecophile. Ann. Soc. ent. France,

1903, LXXII: Bull. 306.

2 JouRN. EcoN. Ent., Vol. 5, p. 470, 1912.
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the winter the insect exists in the egg stage, under the scales on the

bark of apple and other trees. Near Ames the eggs hatch from about

the 10th of May to the 1st of June, depending on the season. The tiny

crawhng young soon settle down on the bark of the infested tree and

proceed to secrete their scah^ covering. This is finished in July and

late in that month the eggs of the scale insect begin to appear under the

mature female scales. There is a single generation, and from the first

of August until about the middle of May, a period of nearly ten months,

the eggs only are present beneath the scales.

Most of the reports of injury by this insect are from the northern

half of the state, as shown in Figure 14. Normally, at least in the last

ten years, orchards in this part of the state have been especially sus-

ceptible to the scale. Although it occurs in southern Iowa, it is

seldom injurious there.

Qysie.r-she.ll sca/e. 7?a.por/j i ri Zotvo^.

Figure 14.—Localities in Iowa where the oyster-sheU scale has been reported as

causing damage.

Several hundred scales were examined from each sending, enough to

form an accurate idea of the condition of the eggs. As a rule a number

of apple twigs were sent, and scales from every twig were examined.

Condition in Winter of 1912-1913

Fifty-four samples of scale were received in response to the first

circular letter. These represented 45 localities. Sound eggs were

common in only 6 samples. In 6 others there were traces of sound
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eggs, but these were so rare that no counts were made. All the remain-

ing samples contained no sound eggs, showing that even at this time,

nearly a year after the extreme low temperature, the insect had not

begun to regain the lost ground.

Figure 15 shows the condition of the scale in the winter of 1912-1913,

together with isotherms of minimum temperatures for January, 1912.

All the temperature records are taken from the Iowa Climatological

Service of the Weather Bureau, Report for January, 1912.

Figure 15—Localities in Iowa where the oyster-shell scale was killed in January,

1912, where it survived, with isotherms of minimum temperatures for January, 1912,

All the localities where no sound eggs were present are included

north of the -32° isotherm. That is, a temperature of -32° F. evi-

dently was too cold for the eggs to survive. That they did not survive

this temperature is shown by the fact that the scale did not breed in the

area north of the -32° isotherm, in the summer of 1912, and so no live

eggs were found beneath the scales that fall. Many scales remained

on the trees, but there was nothing living beneath them.

On the other hand, in Marshall county, where the minimum tem-

perature was -31°, many scales contained live eggs in the fall of 1912.

From the data at hand, it would appear that eggs might safely with-

stand a temperature of -31°, and yet succumb at -32°. However,

since the temperature records and samples of scale frequently were

taken in slightly different localities, there is some opportunity for
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error. Accurate experiments are necessary to establish the precise

temperature at which the eggs are killed.

In the previous article 1 mentLoned that a very few young insects

hatched out atAmes in the spring of 1912. However, this was observed

on a single tree, and on only one branch of that tree, a branch close to

the ground on the southeast portion of the tree. Most probably this

limb had been protected by snow during the extreme weather, so that

it was not subjected to quite so severe cold as the rest of the tree. On
the rest of this tree, and on other trees in the orchard, the eggs were all

killed.

The fact that empty scales remain on infested trees for several years

after the insect has died, and the eggs beneath have hatched out, is

misleading uo most people. A branch of wood may be literally in-

crusted with scales, yet an actual examination of these show that very

few or none of them contain anything alive. Such was the case in the

fall of 19l2, when only rarely were scales found that contained any-

thing alive beneath them.

Figure 16—Condition of oyster-shell scale in January, 1915.

Condition in Winter of 1914-1915

Only 3 samples of the scale were received in response to the request

of December, 1914. More replies than this were received, but no

samples of scale were sent. For instance, in 9 cases the parties ad-

dressed could not find samples to send in, though previously they had
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sent infested twigs. It appeared that the scale had been checked

severely in those localities.

In 7 cases samples sent in contained no sound eggs beneath the

scales. Here it was clear that the insect had not recovered from the

check received in the winter of 1911-1912, since no indications of life

were present 3 years later.

However, in 24 localities, sound eggs were present beneath the

scales. This is in striking contrast to the previous report. In certain

counties in northern Iowa where the insect had been apparently wiped

out, according to scales examined 2 years before, were now (January,

1915) well infested with scales containing sound eggs in abundance.

In 2 years the condition had returned, in these localities, to one similar

to that immediately previous to the' winter of 1911-1912.

CONFUSION OF RHOPALOSIPHUM HIPPOHAES KOCH,i
AND MYZUS BRAGGII GILLETTE

By C. P. Gillette, Ft. Collins, Colorado.

Rhop. hippohces Koch.

Rhop. hippohoBs Koch.—Pflanzenlause, Aphiden, p. 28, 1854.

Phorodon galeopsidis Pass.—Aphidse ItaUcse, 1860.

Phorodon galeopsidis Kali.—Buckton, Monograph British Aphididse, V, I, p. 171,

1876.

Rhop. hippohces Kalt.:—Schouteden, Catalogue des Aphides de Belgique, 1905, p.

235.

Myzus eloeagni, del Guercio:—Davis, Annals Ent. Soc. of Am., V, 1, p. 251, 1908.

Phorodon galeopsidis Kalt.:—Davis, Jour, Econ. Ent., p. 325 and 331, 1911.

I believe the preceding bibliography and synonomy and the follow-

ing brief discussion of the literature upon the above species will help

to straighten a rather bad tangle in aphid literature.

Koch took his Rhopalosiphum hippohces from the shrub Hippohce, in

the month of June. It happens that this plant serves as the over

winter host for both the species under discussion and Koch, both in

his descriptions and his figures, gives the alate form of hippohces and
the apterous form of braggii, or a closely alKed species, which is not at

all strange, as these two species are remarkably alike in coloration and
general appearance.

Kaltenbach took his Aphis galeopsidis from species of Lamium,
Polygonum and Stachys during September, which are the summer
hosts. The apterous lice had capitate hairs and both apterous and

^ This species probably belongs in the new genus Capitophorus Van der Goot. See
Zur Systematic der Aphiden, p. 84, 1913.
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alate forms had clavate cornicles and a strong tubercle on the inner

surface of the second joint of the antenna.

Not having the papers of Walker and Passerini, I shall have to omit

their comments, but Buckton has evidently made the same mistake

as Koch in confusing the two species except that he has figured what
seems to be the apterous form of hippohces and the alate form of hraggii,

and mentions as food plants species of Galeopsis, Lamiiim. Stachys, and
Polygonum, and states that the specimens figured were from Polygonum
persicaria in September.

Schouteden evidently had the true sexual forms of hippohces, both

of which he described with clavate cornicles, the specimens figured

being from Hippohces rhamnoides and Elceagnus sp., but he does not

mention the date.

Davis, in his paper in Annals, 1908, describes and figures the winged

and wingless viviparous female, and the oviparous female, and refers

to the original descriptions of Myzus hraggii in Canadian Entomologist,

January, 1908, for the characterization of the winged male and the

winged and wingless viviparous females, but hraggii always has cylin-

drical cornicles so that, once more, the two species were confused.

There is no doubt which species Davis had as he describes the cla-

vate cornicles and gives a good figure. Professor Davis also took his

specimens on Elceagnus in September.

Then, in his paper in Journal of Economic Entomology for 1911,

p. 325 and plate 10, Mr. Davis has given descriptions and figures of

hippohces which seem to be identical mth his descriptions of elceogni

(hippohces) in Annals, mentioned above. It seems that Davis either

made a mistake in sending del Guercio a cylindrical, cormcled hraggii

(hippohces) for determination, or else del Guercio made the mistake of

overlooking the cylindrical cornicles in the specimens Davis sent. If,

on the other hand, the elceagni described by del Guercio had clavate

cornicles, it seems extremely probable that he was working with

hippohces.

At Fort Collins we find hraggii common and often very abundant

upon the Canada thistle (Cirsium arvensce) during the latter part of

summer and early fall every year, and it also occurs on artichoke,

Cynara, Scolymus; the winter hosts are the Russian olive, Hippohces

rhamnoides and Shepherdia aruensis. Rhop. hippohces we take upon

Polygonum during the summer and upon Russian olive and H. rham-

noides during the fall, winter and spring. We have never found the

form with clavate cornicles upon the Canada thistle; neither have we

found the form with the cylindrical cornicles upon Polygonum, or

Persicaria, but both forms occur upon the Russian olive (Elceagnus)

and Hippohces,
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Myzus hraggii, Gillette: 1. alate viviparous female; 2. apterous viviparous female; 3. alate male;
4. oviparous female; 5. antenna of stem female; 6. antenna of spring migrant; 7. antenna of male; 8. an-
tenna of oviparous female; 9. cornicle of oviparous female; 10. hind tibia of oviparous female.
Figures 1-4 enlarged 20 diameters; all others 80 diameters.
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During the fall of 1913, hippohces was traced from Persicaria to

Eloeagnus and Hippohces, where the oviparous females were deposited,

the winged males coming later. In the spring of 1914, branches of

Eloeagnus and Hippohces rhamnoides having eggs of Rhop. hippohces

and Myzus hraggii were taken to the insectary where they hatched

and the second brood developed wings in both species. Rhop. hippo-

hces was placed upon Persicaria where the alate specimens immediately

gave birth to j^oung which remained on the plant. These passed

through ten generations on this plant. Myzus hraggii was placed upon

the Canada thistle and was reared with equal success.

The figures on Plates I, and II, will indicate how distinct these two

species are.

Another species of Rhopalosiphum, closely allied to hippohces but

more robust, -with capitate hairs upon the dorsum of both the apterous

and alate forms and with filament of antenna much shorter than in

hippohces, has been taken repeatedly upon Elccagnus and Hippohces

but the summer host has not been found. It is very well represented

by Koch's Figure 37, except that the cornicles are clavate near the

end as in hippohces.

A DESTRUCTIVE PINE SAWFLY INTRODUCED FROM
EUROPE.

Diprion (Lophyrus) simile Hartig

By W. E. Britton, State Entomologist,

New Haven, Conn.

On August 27, 1914, in company with my assistants, Messrs. I. W.
Da\is and M. P. Zappe, while inspecting a nursery in New Haven, a

few scattered sawfly larvae were noticed feeding upon the foliage of

pine trees six to eight feet tall. This work was continued for the next

few days and, in one part of the nursery, where several species of pines

were planted for exhibition and sale, the larvae were rather abundant,

and the men spent an hour or more gathering all that could be found

and the material was taken to the laboratory.

Supposing it to be a native and not uncommon species, and knowing
that Dr. A. D. MacGillivray, who has prepared the portion concerning

sawflies for the forthcoming Hymenoptera of Connecticut, was study-

ing sawfly larvae, some of this material was sent to him and the remain-

der placed in breeding cages in our insectary. Dr. MacGillivray

did not recognize the species from the larvae but thought that he might

identify it if the adult stage could be obtained. On April 8, 1915, a

male emerged from a cocoon in one of the cages, followed by others,

and on April 15 a female appeared. Some of the males and females
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were transferred to cages containing small potted white pine plants

and eggs were soon obtained.

On April 21, I wrote about this to Dr. MacGillivray, who at once

examined his cages and found some adults. He stated that he did not

know the species but that it belonged to the genus Diprion formerly

known as Lophyrus. The species are badly confused and he recom-

mended that we send material to Mr. S. A. Rohwer, of Washington,

D. C, who is at work on the group and has examined many of the

types in the British Museum. Consequently some adults of both

sexes, an inflated larva and a pupa case were submitted on May 6, to

Mr. Rohwer who wrote as follows

:

^'I have determined this species, tentatively, as Diprion simile Har-

tig. The adults agree more closely with those in the collection under

the name pini but the larvae answer exactly the description of simile,

and as these two species are very closely allied and easily confused in

the adults I have made the determination from the larvae rather than

from the adults.

''This species is one of the most injurious sawflies on European

conifers and has been associated in practically all of the depredations

caused by pini, and is recorded in the literature in a number of cases

under the name of pini. You are no doubt familiar with the economic

importance of Diprion pini in Europe. It is highly important that

immediate measures be taken to combat this injurious insect as it has

a large number of host trees and would no doubt adapt itself readily to

the conditions in America, where, if it were thoroughly established

without its parasites, it would do a great deal of damage."

The appearance of this insect in all its stages is shown on plate 19

and brieflj" ma}- be described as follows:

Egg.—The eggs are laid end to end in slits made along one of the ridges at the

edge of the needle. The eggs are pale blue in color, smooth and slightly shining.

The sides are parallel with the ends rounded. Length, 1.25 mm., thickness, .33 mm.
In the material examined the newly laid eggs were shghtly separated in the slits.

The eggs before hatching increase in size, becoming crowded in the shts so that the

ends are flattened like peas in a pod.

Larva.—Length, 25 mm. (1 inch) to 28 mm. (l^'s inches).. Thickness, 4 mm.
(5/32 inch). Head black, body greenish yellow with a mid-dorsal double stripe of

brovvTi extending the entire length. On either side of the dorsal stripe is a yellow

stripe broken with transverse markings of brown. The remainder of sides dark brown

with many irregular yellow or whitish spots. Ventral surface pale yellow or white.

Pro-legs yellow with a transverse black mark at base, true legs marked with black

and yellow.

Cocoon.—9 mm. long (about Vs inch), thickness about 5 mm., oval in shape,

tough leathery and fairh' smooth. Color, sepia.

Male.—^^\"ing-spread, 14 mm. (Vie inch). Length, 7 mm. Large pectinate '

antennae. Head and pronotum coarsely punctured. Head, antennae and body,
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black. Cerci and tip of the last abdominal segment, orange. Legs yellow, with the

trochanters and basal two-thirds of the femora, brownish black.

Female.—Wing-spread, 20 mm. (little over V4 inch). Length, 8 mm. (^/le

inch) . Robust, head and antennae black. Thorax coarsely punctm-ed, yellow with a

large shield-shaped black spot on mesothorax, extending from the anterior margin

and covering about two-thirds of the space between the parapsidal grooves. On
either side are a pair of L-shaped black marks which approach each other posteriorly.

Posterior margin of the mesothorax, postscutellum and prosternum, black. Ab-

domen yellow with dorsal surface of 3d, 4th, 5th, 6th, and the anterior portion of 7th

segment, black. Legs yellow with the outer surface of hind femora, the apex of the

middle and hind tarsi, dark,

Lophyrus similis Hartig is mentioned by Kaltenbach^ as occurring

with L. pini, the larvae appearing in June and the adults from July

to September. Judeich-Nitsche^ also include this species with L. pini,

L. rufus and L. palUdus and state that the full-grown larvae will each

devour from six to twelve needles per day, preferring the old needles.

More recently, however, Dr. L. Reh^ places simile as a synonym of

pini, and states that it is one of the most important species of the

genus, feeding upon all kinds of conifers and having two generations

each year. The young larvae feed upon the edges of the needles leav-

ing only the midrib but later they devour the entire needles. The
summer brood makes cocoons on the branches of the tree, and the fall

generation makes cocoons on the rubbish underneath it.

For several years Lophyrus pini has seriously damaged the pine

forests of Southwestern Russia,^ especially the young trees. This

species was particularly destructive in France^ in 1906, and it has also

done damage in Prussia and in Sweden. In England it is said to in-

jure Scotch Fir^ as well as pine."^

In the Connecticut nursery the larvae were found feeding upon the

white pine, Pinus strohus; the Austrian pine, P. laricio var. austriaca,

P. flexilis and P. densiflora. These trees were sprayed with lead arse-

nate in September.

In Europe raking up and destroying the leaves and otber rubbish

under the trees in fall is recommended to destroy the cocoons.

Spraying the foliage with arsenate of lead will also prove effective.

It is hoped that entomologists will be on the watch for this insect

^ Die Pfianzenfeinde, p. 700, 1874.

2 ForstiQsektenkunde, p. 635, 1895.

^ Handbuch der Pflanzenkrankheiten, Die Tierischen Feinde, Dritter Band, p. 598,

1913.

' Review of Apphed Entomology, Vol. I, pp. 395 and 493, 1913.

5 A. Barbey, Traite D'Entomologie Forestiere, p. 269, 1913.

^ W. E. CoUinge, A Manual of Injurious Insects, p. 217, 1912.

' E. A. Ormerod, Manual of Injurious Insects and Methods of Prevention, p. 250,

1890.

5
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which has been imported into the United States and apparently become
established here. Its method of introduction is, of course, unknown
but it is probable that a few cocoons on the branches or in the pack-

ing material of pines from Europe were overlooked by the inspector.

Mr. Rohwer has kindly furnished the following references, which
apply only to D. simile:

Hartig, T.—1834. Forstliches Convers.—Lexicon 2. Aufl. p. 987. (Original

account.)

Hartig, T.—1860. Die Familien der Blattwespen und Holzwespen, p. 160, pi. Ill,

fig. 9 (Original description and a short account of life history and
presence around Berlin and Stettin.)

Baer, W. —1903. Lophyrus similis Hart.—Naturwissenschaftliche Zeitschi'ift fiir

Land- und Forstwissenschaft. vol. 4, H. 2, p. 84-92, 10 fig. (Con-

tains many notes but pubhcation is not at present minute available,

so cannot be summarized.)

.
FoRSius, R.—1911. Medd. Soc. Fauna Flora Fennica, vol. 13, p. 183. (Presence

in Finland in 1910.)

Reviews.

Key to the Families of North American Insects, an Introduction to

the Classification of Insects, by Charles T. Brues and A. L.

Melander. Published b}^ the Authors, Boston, Mass.; and Pull-

man, Wash., 1915, pp. i-viii, 1-140.

The past twenty years have witnessed a wide departui'e from the primary seven

principal orders of the earlj- entomologists, a process which has advanced by gradual

stages and appears to have reached its climax in this tabulation. Most entomologists

recognize the necessity of more exactly defining the larger groups and though by no
means all will agree with the system adopted in this work, they must admit that it

presents within a very brief compass, considering the complexities of the subject, an
excellent analytical key. A most praiseworthy feature, not always seen in technical

works, is the evident attempt to correlate the system with earher ones and particu-

larly to estabhsh a definite relation with economic forms. There are, in addition to

the keys, a conspectus of the higher groups of insects, five classes being recognized,

brief statements of the ordinal characters, a series of 18 line plates illustrating typical

forms or structures, a glossary and indices of both scientific and common names.

This laboratory manual wiU be exceedingly helpful to aU entomologists and we hope

it may prove a potent factor in estabhshing a more satisfactory aiTangement of the

larger groups of insects.

Erratum. Page 269, line 2 for Carpophilus latinasus read Caulophilus latinasus.
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Diprion simile: Hartig. 1. Adults, twice natural size; 2. Eggs in pine needle, about

4 times enlarged; 3. Cocoons, natural size; 4. Larvae feeding on pine, natural size.
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The summer meeting in California deserves the hearty support of

every active entomologist. It will afford one of the best opportu-

nities of getting into closer touch with a large body of aggressive in-

vestigators, who, partly on account of the peculiarities of their prob-

lems and also because of distance, are somewhat separated from

the eastern students, though we are all in a land where there is no

East or West, no North or South, scientifically speaking. The west-

ern men are of themselves capable of making this gathering a notable

one in the annals of science. The eastern students of insect life have

a duty, though extremely pleasant, in relation to this meeting. It is

earnestly hoped that all sections of the country may be adequately

represented at the coming meeting.

Substantial progress, it will be noted by referring to the Current

Notes, has been made in the preparation of the Index of Economic
Entomolog}^, the continuation of the well known and frequently used

Bibliography of American Economic Entomology in what is hoped

will prove a more useful and convenient form. Publications of this

kind are frequently consulted with little thought of the labor, often

thankless, involved in their preparation. The work now being com-

piled covers a decade and is going to prove immensely helpful to every

progressive worker. The compiler should have every possible assis-

tance and it is very probable that a few words of appreciation for the

man who has the patience to carry such a work through to completion

would not come amiss. There must be many entomologists who have
a personal as well as a professional interest in the publication of any
such compilation.
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Current Notes

Conducted By The Associate Editor

W. V. Kiiig, Bui-eau of Entomology, received the degree of doctor of philosophy

from Tulane University, in January.

Mr. Frank R. Cole has been appointed! scientific assistant. Bureau of Entomology',

to work temporarih" at Pasadena, Cal., and viculit3^

Mr. Thomas H. Jones of the Bureau of Entomology is stationed at Baton Rouge,
La., and is investigating truck crop insects.

Mr. R. J. Fiske, Bureau of Entomology, is now stationed at Roswell, N. H., where
he is engaged on codling moth investigations.

Mr, H. P. Wood, Bm-eau of Entomology, now located at Dallas, Texas, was married

to Miss Ester Danielson of Hopedale, Mass., April 3.

The Department of Entomolog}' of the Texas Agricultural College, has just com-
pleted a greenhouse, for use as an insectary, at a cost of $1,200.

Mr. C. E. Smith has been engaged by the Bureau of Entomology to assist Mr.
Thomas H. Jones in work on truck crop insects at Baton Rouge, La., and vichiity.

Mr. E. R. Speyer has taken up a temporary^ appointment under the Ceylon govern-

ment for the purpose of investigating the shothole borer of tea (Xyleborus fornicatus)

.

Mr. Richard Lydekker, F. R. S., the well-known English zoologist, died April 16,

aged 65 years.

J. L. Webb, Bm-eau of Entomology, left Washington on April 25th for Tallulah,

La., where he will be attached to the boll-weevil laboratory-.

Mr. F. W. Dry, a Carnegie scholar, is on a trip with Professor Webster, visiting

the eastern field stations of the section of Cereal and Forage Crop insects.

According to Science, Professor M. A. Lameere, L^niversity of Brussells, has been

nominated as an honorary member of the Societe Entomologique de France, in place

of the late M. J. Perez.

T. C. Barber, recently of the experiment station at Tucuman, Argentina, has been

engaged as an agent of the Bm'eau of Entomology, and is attached to the Tallulah

laboratory.

Mr. R. S. Chfton, executive assistant of the Bureau of Entomology, is now stationed

at the headquarters of the gypsy and brown-tail moth investigations, 43 Tremont St.,

Boston, Mass.

Dr. Henry H. P. Severin has again accepted a temporary' position for the summer at

the Maine Agricultural Experiment Station to test the poisoned bait sprays to control

the currant or gooseberry fmit-fly and the apple maggot.

Messrs. R. W. Wells, M. J. Stanley, and G. H. Cowan have been appointed to

service in the Bm-eau of Entomology, in connection with the spotted-fever tick work

in Montana.
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Goveinor Ferguson of Texas, on March 22, approved an emergency appropriation

of S3,000 for eradication of foul brood in that state. The work will be in charge of

State Entomologist Wilmon Newell.

Mr. Arthur J. Ackerman, Bureau of Entomology, spent the winter in Washington*

and in March started on a short trip through the southern states investigating

nursery insects. As last year, he is located at West Chester, Pa.

A. H. Jennings, Bm-eau of Entomology, who has been engaged for some time in the

study of the possible transmission of pellagra by insects, will be detailed to the in-

vestigation of malarial mosquitoes. He is now located at Mound, La.

B. R. Coad, Bureau of Entomology, has been placed in charge of the boll-weevil

laboratory at TaUulah, La. G. D. Smith, formerly of this station, has been located

at Thomasville, Ga., where he wiU conduct studies of a number of cotton pests.

Mr. W. F. Fiske is now engaged in an investigation of the tsetse flies (Glossina spp.)

for the Tropical Disease Commission and is stationed in the vicinity of Lake Victoria

Nyanza, where he plans to remain for the next fourteen months.

Second Lieutenant Duncan H. Gotch, Worcestershire Regiment, entomological

assistant in the Imperial Bureau of Entomology, was killed in action at Neuve
ChapeUe on March 1 1

.

Professor C. L. ]\Ietcalf of Ohio State University will spend the summer months,

beginning June 15, at the Agricultural Experiment Station, Orono, Maine. He will

be engaged in a systematic and economic study of the Syrphidse.

Mr. E. P. Taylor has resigned as field horticulturist. Extension Department of

the University of Idaho, Boise, Idaho, and accepted the position of horticulturist,

Utah Fruit Growers Association, Box 1878, Salt Lake City, L^tah.

G. A. Runner, Bureau of Entomology, spent several days during April in the

laboratories of the General Electric Co., Schenectadj^, N. Y., conducting experiments

in the destruction of the cigarette beetle (Chalcodermus oeneus)

.

Mr. Carlton C. Gowdy, government entomologist in British East Africa, was given

a ten months' leave of absence and spent the winter months in advanced work in

entomology at the ^Massachusetts Agricultural College, of which he is a graduate in

the class oi 190S.

Mr. Xeale F. Howard, a graduate of the Agricultural CoUege, University of Wis-

consin, will work viith. the Bm'eau of Entomology on the pea aphis, root maggots, and
other insects affecting truck crops, with headquarters at Green Bay, Wis., in co-

operation vdth the University of Wisconsin.

U. C. Loftin, Bureau of Entomology, is now in Cuba where he will be engaged for

several months in the study and collection of parasites of sugar-cane insects and the

investigation of the relation between certain systems of culture and the sugar-cane

borer.

Entomological News records the death of the following European entomologists

:

Ferdinand Kowarz, the well-known dipterist at Franzensbad, Bohemia, September

14, 1914; Dr. F. Trybom, of Sweden, February 15, 1915; Doctors Walter Stendell,

Otto Kirchhoffer, W. Haas and F. Vogel who have been killed in the war.

Mr. O. K. Courtney, a graduate of the Texas Agricultural and Mechanical College,

has been appointed to the position of assistant entomologist in the Department of
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Entomology at that institution, succeeding Mr, Walter W. Marshall who has taken

up graduate work at the Ohio State University.

The General Assembly of Connecticut adjourned on Max IS, after appropriating

$25,000 for the next two years for suppressing the gj^sy and brown-tail moths. Of
this amount S4,000 is immediately available for summer work. Twenty towns are

now known to be infested with the gyj)sy moth and 72 with the brown-tail moth.

August Busck, Bureau of Entomolog}', left Washington earh' in May to spend six

months in the Hawaiian Islands in the study of Gelechia gossypiella. Special in-

formation regarding the habits of this species are required in connection with the

proposed action to prevent the establishment of the species in the United States.

Professor Henrj^ E. Van Deman, first professor of horticulture in Kansas State

University, and first head of the Division of Pomology, United States Department of

Agricultiu-e, died at his home m Washington, D. C, April 28. Since 1893 Professor

Van Deman has been engaged in work of an editorial and ad^dsorv^ nature.

According to Science, Dr. RaATnond C. OsbmTi, assistant professor of zoology in

Barnard College of Columbia University, has resigned to accept the professorship of

biology in the new Coimecticut College for women at New London. It is understood

that the college will be ready for work at the beginning of the next college year.

The following have been elected to the fellowships in entomology at the Univer-

sity of lUinois: Alvah Peterson, Knox CoUege; Philip Garman, Kentucky Agricul-

tural College. The foUowing have been elected to scholarships; Edwin K. Parker^

Massachusetts Agricultural College; L. B. Ripley, Trinity College, and J. L. Kmg,
Ohio State University.

The field laboratoiy of the Btireau of Entomology in ]\Iame has been discontinued.

Mr. F. L. Simanton, formerly- in charge, has been transferred to the laboratory at

Benton Harbor, Mich., where he wih tmdertake uivestigations in connection with

orchard insecticides and spraying machinery'. He wiU be assisted b^' Mr. H. G.

Ingerson.

Mr. W. M. Davidson, Bureau of Entomology, has retimied to his headquarters,

Walnut Creek, Cal., where he will continue his investigations in connection with the

grape Phylloxera. During his stay in T\"ashington the report on the biologj' of this

insect was about completed, and another season's obseiwations wiU complete the

subject in a satisfactory^ maimer.

Mr. Irving R. CraA\'ford has been appointed temporary- field assistant, Bureau of

Entomology, and wiU proceed to San Diego, Cal., to coUect parasites of Hemileuca

olivicB in northeastern New Mexico. The force engaged upon this investigation \\-ill

consist of Mr. D. J. Caffrey, in charge; Messrs. Cra\^^ord and J. R. Sandige, temporary

assistants; and a permanent appointee not yet selected.

F. C. Bishopp, Bureau of Entomology, Box 208, Dallas, Texas, has undertaken the

taxonomic study of fleas. He has probably one of the largest collections in the United

States at the Dallas laboratoiy but desii'es to obtain additional specimens from all

parts of the country. It will assist greatly in his studies if material of this kind is

sent directly to him.

Mr. P. H. Timbeiiake. Bureau of Entomology;, who has been spending the winter

at the BroTv-nsviJle, Tex., laboratory, engaged particularly on the hymenopterous

parasites of lady beetles, ^\ill retm-n to Salt Lake about the middle of AprQ, and on his
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return Mr. L. P. Rockwood wdll be transferred temporarily to Forest Grove, Ore., to

assist in the clover-insect investigations being carried on at and from that laboratory,

A card index to all illustrations used in the Bureau of Entomology and the former

Division of Entomology, is maintained by the Bureau at Washington. It also in-

cludes the reports of the U. S. Entomological Commission and the later entomological

papers of the U. S. Department of Agriculture. A general card index of all ento-

mological publications issued by the U. S. Department of Agriculture is now being

prepared.

A new project relating to the control of the house-fly and other insects in estab-

lishments operating under the meat inspection act has been approved by the Secre-

tary. This is a joint investigation between the Bureau of Entomology and the Bureau

of Animal Industr3\ The headquarters for the work will be at the Dallas laboratory

and F. C. Bishopp will be in direct charge. A conference was held at Washington

early in May at which the detailed plans for the investigation were discussed.

Mr. Carrington B. Williams, Carnegie scholar, took a trip to the West Indies in

March and returned to Washington about April 8, with a very large collection of

Thysanoptera made on the trip. On his return he worked night and day with Mr.

J. D. Hood, of the U. S. Biological Survey, describing the new species for a joint

paper soon to be published. He visited Barbados, Trinidad, and Porto Rico and
saw some tropical economic entomology. He sailed for England on April 17.

Mr. E. H. Siegler, Bureau of Entomology, formerly in charge of the laboratory at

Benton Harbor, ]Mich., in connection with the project of insecticide investigations,

has been placed in immediate charge of the laboratory at Grand Junction, Colo.,

where, in cooperation with the Colorado Agricultural Experiment Station, he will

undertake a thoroughgoing investigation of the codling moth in the Grand Valley.

He will be assisted by Mr. E. R. Van Leeuwen.

A hearing before the Federal Horticultural Board was held in Washington, D. C,
on May 6, in regard to extending the quarantine lines to include additional territory

now infested by the gypsy and brown-tail moths. Messrs. A. F. Burgess, L. H.
Worthley and D. M. Rogers of the Bureau of Entomologj^ located at Boston, Mass.,

Professor W. C. O'Kane of New Hampshire, Irving W. Davis of Connecticut and
Harry B. Weiss of New Jersey were among those in attendance.

The index of economic entomology, covering the hterature since 1905, is now
fairly under way. Two typists are engaged in assisting Mr. Nathan Banks in the

preparation of the manuscript, and a thu'd wiU soon be employed. More than one-

hah of the experiment station literature has been indexed, and work on the pubUca-

tions of the Bureau of Entomology is nearing completion. It is estimated that there

wUl be at least 25,000 entries.

W. D. Hunter and G. B. Sudworth, of the Federal Horticultural Board, had a con-

ference at Pittsburgh, Pa., on April 14, with the designers of a machine which may
be adapted for the fumigation of bales of cotton. On April 20, a conference was held

with the department regarding the proposed action of the Federal Horticultural

Board, regarding the fumigation of all foreign cotton received in this country to

-destroy the immature stages of Gelechia gossypiella. Representatives of cotton

miUs from all parts of the country were present.

In conjunction with the Southern Conference for Education and Industry, held at

Chattanooga, Tenn., April 27-30, there was a conference of southern beekeepers.

The meeting on the first day was devoted to a discussion of beekeeping for teachers

and others interested in the development of beekeeping in the South. The Tennessee

State Beekeepers' Association called a special meeting in connection with this con-
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ference on April 28-29. Dr. E. F. Phillips was chairman of the beekeepers' con-

ference.

Mr. E. R. Sasscer, chief inspector of the Federal Horticultural Board, reports as a

result of his inspection of the Introduction Garden at Miami, Fla., the finding of a
new and dangerous scale insect infesting mangoes, namely, Lecardum (Coccus)

mangiferop. Incidentally he saw something of Mr. Yothers' work in Florida and
reports as an eye witness some remarkable demonstration results from spraying, in

which the fruit output was enormously increased and the quahty much improved as

a result of the treatment.

A considerable collection of books and magazines has been amassed by the State

Entomologist and Director of the Ilhnois State Laboratory of Natural History,

Professor Stephen A. Forbes, by purchase and exchange during the past twenty or

more years. This collection has been supplemented in recent years by extensive pur-

chases by the Library of the University of Illinois. There has been spent during

the past biennium alone over three thousand dollars in the purchase of books on
entomology and nearly six thousand dollars for zoological publications, many of

which contain articles of great interest to the entomologist.

Messrs. H. G. Champion, of the University of Oxford and the Indian Imperial

Forest Service, and T. E. Snyder of the Bui'eau of Entomology, spent some ten days

during January touring lumber miUs in the high mountains of West Virginia in the

study of the industry and the insects involved, ^^'^hile visiting the Union tannery at

Davis, W. Va., they were informed by the manager that, following recommendations

to prevent injm-}^ by the tanbark borer {Dinuderus substriatus Payk.), they used aU

hemlock tanbark before it was fom- years old. Dr. A. D. Hopkins visited this tannery

in 1901 and found that out of a total of 20,000 cords of bark about 10,000 were badly

damaged by this beetle. On close investigation he fomid the damage was practically

confined to bark that was from two to seven years old, and no appreciable damage was

done in bark less than three years old. Accordingly, he recommended that, in order

to avoid this loss, older bark be used first, and that no bark be kept for a longer

period than three years. Thus, by following the suggestion then made, enormous

loss has been prevented in this tannery alone.

The Mediterranean fruit-fly force at Honolulu now includes, in addition to the

leaders, Dr. Back and Mr. Pemberton, also Messrs. Willard, Banks, and Maxwell, Ah
Fook, a Chinaman, and Muto, the Jap. Aside from Muto, these men are all con-

nected with the inspection service. The present arrangement puts Mr. Willard m
general charge of this service under Dr. Back. Mr. Willard is a graduate of the

Massachusetts Agricultural CoUege, who came to the islands as instructor in agri-

culture and farm superintendent at the MiUs Institute, Honolulu, and is reported by

Dr. Back as being a very useful and serviceable assistant. Dr. Back, with Mr.

Pemberton, will be engaged during the next three months in an investigation of the

fruit-fly as affecting coffee, and other coffee insects of the Cona district, Island of

Hawaii. This is the great coffee district of Hawaii. The pulp of the coffee berry is

a favorite food of the Mediterranean fruit-fly and frequently as man}?' as a dozen

maggots of this fly can be taken from a smgle coffee berry which is no larger than a

medium-sized cherry. Of vast interest to the coffee industry and to the fruit-fly

control on the island is the fact reported by Dr. Back, that one of the parasites re-

cently introduced on the island through the agency of the Territorial board of agri-

culture is already parasitizing the maggots in coffee berries to an average of upward of

50 per cent, in some instances reaching as high a x)ei'centage as 96. The parasite in

question is Opius humllis. This seems to be another one of the many successful

parasite introductions which have been carried out on these islands.

Mailed June 30, 1915.
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NOTES ON THREE SPECIES OF HELIOPHILA WHICH INJURE
CEREAL AND FORAGE CROPS AT BROWNSVILLE, TEXAS

By R. A. ViCKERT, Entomological Assistant, Cereal and Forage Insect Investigations,

Bureau of Entomology, U. S. Department of Agriculture

The larvae of Heliophila subpundata Haw., H. unipuncta Haw.,

and H. multilinea Walk., have all been found injuring cereal and forage

crops in southern Texas. Heliophila subpunctata is found on corn,

sorghum, sugar-cane, barley, oats and Bermuda grass, but prefers

sorghum and sugar-cane. Heliophila unipuncta is found on the same
plants as H. subpunctata and also on alfalfa but prefers low-growing

plants such as alfalfa, barley and oats. Heliophila multilinea has the

same habits as H. subpunctata and has been found so far on sorghum

and sugar-cane. The larva of this species looks like that of H. sub-

punctata and we have not been able to separate them; but only a few

of this species have been found.

These species are found in large numbers from November until

March and are rare in the summer. H. unipuncta has not been

found in the summer.

The jaws of these larvae are not toothed but are smooth and come
together like the edges of a ''cutting pincer" and cut in the same

manner as the pincer cuts. The jaws have this shape in all stages

of the larva and for this reason the larvse feed at the edge of the leaf

in all stages. In the first two stages they are not able to bite through

a leaf but they begin work on the edge. In feeding they straddle

the edge and seizing the leaf in their jaws bite a piece out of it and

usually continue feeding until a large notch is eaten out.

This manner of feeding compels the larvae to expose themselves in

order to feed. This is probably why they feed only at night and hide

during the day. It is possible that this habit exposes them only to

the attacks of nocturnal parasites as they are so well hidden during

the day that it would seem to be almost impossible for the parasites
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to find them. As they have the same habits as the cutworms they
should have about the same parasites.

Because of the necessitj^ of hiding themselves during the daytime,

the larvae prefer rank-growing crops like broadcast sorghum, sugar-

cane, and small grain or hay crops. In these crops they can hide them-

selves in the dead leaves on the ground.

The moths usually lay their eggs between two dead, dry leaves, the

eggs being cemented to the leaves. They are apparently well pro-

tected from the attacks of parasites. These facts are based on

laboratory observations as we have not found the eggs outdoors.

In rearing the insects in the laboratory the moths are placed in

large No. 2 street-lamp globes and are fed on sugar syrup. Folded

strips of wrapping paper are placed in the cages for them to lay their

eggs on. They lay their eggs freely on this paper and it is easy to

handle and always obtainable.

Larvae are kept in 1-ounce seamless tin boxes, one larva in each

box, and are fed on corn leaves if available, otherwise they may be

fed on sorghum, oat or barley leaves. Larvae in the first three stages

may be kept in 2-, 3-, or 4-ounce tin boxes, many larvae in each box.

The species all appear to be of tropical or of subtropical origin,

and were probably native on rank-growing grasses in lowlands. They
spend the winter in all four stages, but as all stages are unprotected

against extremes of temperature, it would seem that they cannot

winter very far north. It is probable that they usually do not winter

very far from the Gulf of Mexico, but in the Mississippi Valley H.

unipunda might winter as far north as Tallulah, La., and on the

Atlantic coast it might go through a mild winter as far north as the

city of Washington. A discussion of the question as to which stage

is best able to withstand cold weather is useless speculation as these

facts can easily be learned by a series of experiments with low temper-

ature incubators. If it should happen at any time that the conditions

in the country near the Gulf of Mexico are especially unfavorable for

the parasites, the moths would occur in large numbers and migrate

northward. In a northern locality the w^orms would be free from their

ordinary parasites and would find plenty of food in the grain fields.

The young larvae, not being controlled by their parasites, could mature

in such large numbers that they would be compelled to migrate in

search of food. But this migration would attract predaceous mammals,

birds, and insects, and also native parasitic insects normally infesting

other lepidopterous larvae. This appears to be what actually occurs

in the case of H. unipunda and outbreaks in the north are abnormal,

since the larvae are killed by the cold weather and for this reason

do not appear the following year. Heliophila suhpundata will perhaps
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be limited to the far south because of its preference for sorghum hay

and sugar-cane. Corn, and sorghum grown for syrup, are cultivated

and do not afford shelter for the larvae.

These larvae are controlled by the following parasites: From small

larvae, Meteorus laphygmce Tier., Apanteles harnedi Vier., and MicrO'

plitis sp.; from large larvae, Enicospihis purgatus Say, Rhogas atricornis

Cress., Peleteria rohusta Wied., Apanteles militaris Walsh, Apanteles

rufocoxalis, Paniscus sp., Euplectrus platypypence y . d. Wulp.; from the

pupae. Ichneumon sp. Archytas analis Fabr., and Archytas piliventris

How.
We encounter then in connection with these species 13 primary

parasites, only 4 of which {Meteorus laphygmce
^
Apanteles harnedi,

Euplectrus platypypence, and Archytas piliventris) have been reared

from Laphygma frugiperda at Brownsville, and only two of which {Me-

teorus and Euplectrus) have been reared from other hosts. We have

not worked out the life histories of the parasites but have already

started work with several of them. We have not certainly reared

any parasites from H. midtilinea but it probably has the same para-

sites as H. subpunctata as its habits and life history seem to be similar

to those of that species.

As these primary parasites all have their own peculiar life histories,

habits, parasites and diseases, and are differently influenced by changes

in temperature and humidity, they vary very much in their abund-

ance throughout the year and in different localities. Usually they

become numerous enough in spring to almost exterminate their hosts.

We have made a collection of 100 larvae that was more than 100 per

cent parasitized. Apanteles militaris appears to be most efficient of

all these parasites but at times A. rufocoxalis is very numerous.

We have reared 12 secondary parasites from the primary parasites

but 9 of these have been encountered in connection with Laphygma
frugiperda. There are probably many other secondary parasites but

it will require considerable time and labor to discover them.

We have reared three parasites from the cocoons of Apanteles mili-

taris and they are different from those reared from A. harnedi and

from Meteorus.

^Meteorus of course has the same parasites that were reared from it

in the work with Laphygma which are: Myrmicomorpha perniciosa

Vier., Spilochalcis pallens Cress., Spilochalcis delira Cress., Dihrachys

meteori Gahan, Hemiteles sp., Mesochorus sp., Eupelmus meteori

Gahan, and Elasmus apanteli Gahan. Some of these parasites also

attack Apanteles harnedi Vier.

Euplectrus has the parasite Tetrastichus euplectri Gahan in some
parts of the country, but this species has not been reared at Brownsville.
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Microplitis sp. has exposed cocoons like Apanteles and probably has

many parasites but we have not reared any of them yet. Apanteles

rufocoxalis may have the same parasites as militaris but we have not

reared any of them from this species. It is possible that Enicospilus

purgatus, Rhogas atricornis, Ichneumon sp., and the Tachinids may
also have parasites but they pupate in the ground and are thus pro-

tected. We have reared no parasites from these species.

The primary parasites are controlled to some extent by the sec-

ondary parasites; but the most important factors in their control as

well as in the control of Heliophila itself are changes in temperature

and humidity. And the effect of these two factors should be worked

out by a series of experiments conducted under such conditions that

the various factors can be controlled. These experiments could easily

be conducted with a couple of biological incubators such as are used

for bacteriological work in the tropics.

A KEY TO THE CUTWORMS AFFECTING TOBACCO

By S. E. Crumb, U. S. Bureau of Entomology

The following key includes only the cutworms known to affect to-

bacco in the United States, but these include also the majority of the

common species affecting other crops. For this reason it has been

considered advisable to publish this table for the use of other workers

in advance of a forthcoming publication of the Bureau of Entomology

in which these species will be fully treated.

The characterizations of Noctiia clandestina and of Feltia malefida

are based upon inadequate material, and those of Mamestra legitima

and Peridroma incivis as here presented might lead to some confusion,

owing to the fact that it was originally intended that this key should be

accompanied by descriptions and photographs of the larvae. The

larva of Feltia ducens ( = subgothica) has been bred from egg to adult

and no character has been found b}^ which it may be distinguished from

the larva of Feltia jacuUfera. It seems probable that these quite

similar forms are not specifically distinct. The examination of a single

inflated larva of Euxoa tessellata has likewise revealed no character

by which this species may be distinguished from Euxoa messoria.

In determining the character of the skin granules it should be borne

in mind that the coarse granules mentioned in the key are not more

than one-twentieth of a millimetre broad. A low power of the com-

pound microscope is essential for obtaining an adequate idea of their

appearance, although with a little practice the species can be deter-

mined readily with a good hand lens.
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If the necessary cooperation can be secured, the writer wishes to

undertake the preparation of a much more extensive cutworm key in

w^hich all our economic species might find a place. To this end material

from all parts of the country, and especially live larvae in considerable

series, is very much desired; and determinations will be made when
possible.

A Key to the Cutworms Affecting Tobacco

Paraclypeal sutures not attaining apex of head shield (Plate 20, fig. 2). Skin

smooth, excepting in Mamestra renigera (PI. 20, fig. 10) 2

Paraclypeal sutures attaining apex of head shield (PI. 20, fig. 1). Setigerous

tubercles rather large, distinct. Tubercle IV of abdominal segments very

large (PI. 20, fig. 4, IV). Skin granulose (PI. 20, figs. 5, 8, 9, 11) 11

Head shield clear brown with solid dark fuscous above. Paraclypeal region

white (PI. 20, fig. 12) 3

2 \ Fuscous coloring of head shield limited to arcs and reticulation or absent

(PI. 20, figs. 6, 7). Paraclypeal region concolorous with remainder of head

shield or merely pale, never white 4

Subdorsal black spots of mesothorax as large as those on seventh abdominal

segment Prodenia commelince S. & A.

Subdorsal black spots of mesothorax absent or smaller than those on seventh

abdominal segment Prodenia ornithogalli Guenee

Mandibles each with about 4 teeth 5

Mandibles with cutting margin straight, toothless or bearing about twelve

minute teeth Peridroma incwis Guenee.

Tubercle IV of abdominal segments distinctly larger than tubercles I, II and

III. Spiracles black Mamestra meditata Grote.

Tubercle IV of abdominal segments of about the same size as tubercles I, II,

and III .6

Skin coarsely granulose dorsally. Tubercles I and II conical and bearing

prominent bristles (PI. 20, fig. 10). Spiracles black

Mamestra renigera Stephens.

Skin smooth, neither shagreened nor granulose. Tubercles and their setse

minute 7

Body without spots but prominently striped. Ground color of head shield

white, submedian arcs and stemmatal stripe united posteriorly and at

maxillary palpi Mamestra legitima Grote.

Body usually bearing black spots and never prominently striped 8

With triangular black subdorsal markings, at least posteriorly 9

Black subdorsal markings linear or absent. Spiracles black. With distinct

yellow middorsal dots on abdominal segments, at least anteriorly

Peridroma saucia Hiibner.

Without black spots above spiracles. Spiracles yellowish with dark rims.

Ground color of head shield greyish or whitish. Dorsum drab

Noctua c-nigrum Linnsenus.

With distinct black spots above spiracles 10
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10

11

12

13

Spiracles yellowish with dark rims. Ground color of head shield whitish ....

Noctua clandestina Harris.

Spkacles black. Ground color of head shield pale yellowish brown
Noctua hadinodis Grote.

Skin granules very small, flat or sHghtly convex, set pavement-Hke, -^dthout

secondary granules (PI. 20, fig. 11) 12
Skin granules coarse, isolated, strongly convex or bluntly conical, interspersed

irregularly with many small secondary granules (PI. 20, figs. 5, 8, 9). .14

Reticulation of head shield replaced entirely by close-set fuscous freckles (PL

20, fig. 6). Subspiracular white band distinct Euxoa 7nessoria HaTris.

Head shield more or less fuscous-, or ferruginous-reticulate. White subspi-

racular band not distinct 13

Tubercle I of abdominal segments nearly or quite as large as tubercle II ...

.

Feltia ?nalefida Guenee.
Tubercle I of abdominal segments about one-half as large as tubercle II ... .

Feltia gladiaria Mon-ison.

Skin granules upright, conical, somewhat retrorse (PI. 20, fig. 8). Tubercle

I of abdominal segments about one-half as large as tubercle II

14 \ Feltia annexa Treitschke.

Skin granules strongly convex but scarcely subconical, not at all retrorse (PL

20, figs. 5,9) \ 15

15

Tubercle I of abdominal segments nearly or quite as large as tubercle II ...

,

Feltia jaculifera Guenee.

] Tubercle I of abdominal segments about one-third as large as tubercle II ... .

[ .
Agrotis ypsilon Rott.

Explanation of Plate 20^

Fig. 1. Diagram of head shield of Feltia annexa larva showing the paraclypeal

sutures attaining apex of head sliield.

Fig. 2. Diagram of head shield of Peridroma saucia larva showing the parach^jeal

sutures not attaining apex of head shield.

Fig. 3. Diagram of the dorsum of an abdominal segment of a cutworm sho'^dng

tubercles I and II. Tubercle I is anterior.

Fig. 4. Diagrammatic lateral view of an abdominal segment of a cutworm giving

the notation of the setigerous tubercles. Tubercle IV is posterior to the

spiracle.

Fig. 5. Portion of the skin of Feltia jaculifera highly magnified showing the strongly

convex, isolated, primary and secondarj^ granules.

Fig. 6. Head shield of Euxoa messoria showing the submedian fuscous arcs nearly

absent and the reticulation reduced to close-set fuscous freckles.

Fig. 7. Head shield of Feltia jaculifera showing the fuscous submedian arcs, the

reticulation, and a portion of the stemmatal stripe. This is the usual

coloration among cutworms.

Fig. 8. Portion of the skin of Feltia annexa liighly magnified showing the isolated,

conical, retrorse, primary and secondary granules.

1 Figures 1-4 were drawm by Mr. Harry Bradford. The remainder of the drawings

are the work of Mr. Joseph D. Smith.
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Fig. 9. Portion of the skiii of Agrotis ypsilon highly magnified showing the strongly

convex, isolated, primary and secondar}- granules.

Fig. 10. Portion of the skin of Mamestm renigera highh' magnified showing one of

the conical dorsal tubercles, the base of its coarse bristle, and the isolated

skin granules.

Fig. 11. Portion of the skin of Feltia gladiaria highly magnified showing the skin

granules set pavement-hke without secondary granules.

Fig. 12. Head shield of Prodenia ornithogalli showing the black dorsal area and the

white paraclypeal areas.

THE DRIED-FRUIT BEETLE

Carpophilus hemipterus (Linnaeus)

(Scarahocus hemipterus Linnaeus—Systema Naturae, p. 351, 1758)

Order

—

Coleoptera Family—.Yf tidulidce

By E. O. EssiG, University of California, Berkeley, California

The dried-fruit beetle is very common throughout California and
because of its attacks upon fresh ripe and dried fruits, it has become
a source of some anxiety to fruit-growers and considerable worry to

fruit-packers and grocers. The insect has been known to science

for many years and is found in nearly all parts of the world, being a

cosmopolitan species thought to hai^e originated in Europe^ and car-

ried to other places in products of trade. Its fondness for dried fruits

has also been known for many years, but the small number of pub-

lished records concerning its work indicate that it is not generally

considered to be a pest of any great importance, excepting in a few

localities.

Descriptiox

Larvce (Figm-e 17).—The fii'st hatched young are exceedingly small and are white

or transparently 3'ellowish in color. The matm-e forms attain an average length

of about one-fomi:h inch and are white or yeJlo-^ish with the head and tip of the tail

rich amber-bro-^TL. The body is quite slender, sparseh' clothed with quite long

spine-like hairs, and with two large tubercles at the extreme posterior end of the

abdomen and two smaller tubercles just in front of the larger ones as sho\sTL in Figm-es

17 and 19. All stages of the larvae are quite active, move quickly and disappear in a

surprisingly short time when distm^bed.

Pupce (Figm-e 18).—The pupse are short, oval or somewhat robust and about one-

eighth inch long. There are manj^ formidable looking spines on the bod}' as shown

in the drawing. The color is white or pale yellow until thej' are nearly matm-e

when the dark shades of the adult are gi'adually assumed.

Adults (Figm-e 20) .—The beetles are small, averaging about one-eighth inch in length

and half as much in Tsidth. They are oval or robust and dull or shining black in

color with two conspicuous amber-brown spots at the posterior tips and two smaller

more obscure spots of the same color at the lateral marginal bases of the -^ing covers

1 French, C, Jr. Dept. Agric. Victoria, IX, pp. 640-641, 1911.
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or elytra. Very often the large spots run together to form a single area while the

small spots may be almost entirely obliterated. In the newly emerged adults all

of the spots appear like shining silver, then gradually become orange or amber-

bro^n and finally quite dark brown. The antennae and legs are reddish or amber.

The siorface of the body is finely punctured, the small circular pits being visible

only under a microscope or good hand lens. From each puncture there arises a.

small hair. On the elytra the hairs are noticeably longer than those arising from

punctures elsewhere on the body. The most conspicuous characteristic about the

beetles is the very short elytra which do not reach to the tip of the abdomen, but

permit the exposure of the last two abdominal segments. On the tibise of the legs,,

especially the middle and hind pairs, there are very noticeable spines as shown in

the drawing (Figure 20).

Life-History

The complete life-history has not been thoroughly worked out in

California, but probably does not greatly differ from those of well-

known insects of similar habits. It certainly does not require a long

period to complete a life cycle under favorable conditions during both

summer and winter months. The eggs are laid upon the outside of

the fruit or on the inside if the female can gain an entrance. The
greatest numbers are deposited in the spring and hatch in about one

week according to French.^ Very often the eggs are laid upon the

fruit before it leaves the trees or while it is drying upon the trays in

the open before it reaches the packing sheds, which accounts for infes-

tations before the fruit finally arrives at the storehouses. The length

of the larval period varies considerably and is shortest during the

warm summer months and longest under favorable concUtions in

Tvdnter or may be entirely retarded if exposed to cold climatic condi-

tions during the winter as is often the case. The shortest period is

about four weeks and the longest about as many months. The pupal

stage is comparatively short, ordinarily requiring but two weeks.

There are many broods a year as breeding w^ill continue throughout

the year under warm storehouse conditions as are often afforded in

the winter.

All stages are to be found in the fruit and no part of the package

or storage bin escapes infestation.

Nature of Work

The larvae and adults feed directly upon the fresh and dried fruits.

However, the loss due to the amount of fruit actually consumed is

small compared to the loss due simply to the presence of their excreta,

larvae, pupa3, adults and the moulting skins which together make a

most disgusting looking mess of the infested fruit. Even if subse-

quently killed it is very difficult to remove the remains, which are

not easily obscured from the vigil eye of the careful housewife, and
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eventually the sale of the fruit comes back as a severe blow to the

reputation of the packer.

Food

The insect undoubtedly attacks a larger variety of products than

are to be found in the published records so that the Hst given can

only be used as representative of the general diet rather than as being

complete. The beetles are often to be found on partially decayed

fruits in the orchards and in some cases pass the winter in dried and

mummied fruits which cling to the trees. ^ They are also very common
about the pitting sheds, drying trays, cull dumps, in the packing houses,

warehouses and grocery stores, while bakeries and even the homes are

not exempt.

Certain dried fruits including figs, prunes, apricots and peaches

appear to be the favorite food. Prof. John B. Smith ^ lists the foods

under the broad statement /'baker's and grocer's supplies."

Control

The control of the dried-fruit beetle is not a difficult or expensive

undertaking, but there are several factors which must not be neglected

or much unnecessary expense may be required.

As in the case of many similar pests ''an ounce of prevention is

worth a pound of cure." As previously pointed out, this insect may
attack the fruit in the orchard, on the drying trays, in the drying sheds

and in the packing houses before the fruit is packed for final shipment.

It is, therefore, important, to adopt measures which will insure* a

clean pack. But since the insect may also gain access to the package

after it has left the packing house, it is equally important to pack the

fruit in a container which is insect proof and which will remain so

until it finally reaches the consumer. The ordinary processing of

fruits, as dipping in boiling water just before packing, is sufficient to

kill all stages of the insect and insure a clean pack. Sulphuring will

also kill the eggs or other stages and the fruit may be kept clean by
storing it in a properly screened and insect-proof room immediately

upon being removed from the drying house. In such instances, how-

ever, the fruit must be dried in a regular drier under artificial heat and

not in the open, where infestation during drying might easily occur.

Fruit which is not processed in boiling water at the time of packing

may be sterilized by heating to a temperature of about 180 degrees

Fahrenheit^ just prior to packing.

1 Parker, W. B., Bui. No. 235, U. S. Dept. Agric, p. 5, June 24, 1915.

2 Insects of New Jersey, p. 271, 1909.

3 Parker, W. B., Bui. No. 235, U. S. Dept. Agric, p. 7, 1915.
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Fig. 19—Lateral and dorsal views of the posterior end of the larva of the dried-

fruit beetle, Carpophilus hemipterus (Linn.), showing the prominent tubercles.

(Original.)

Fig. 20—Adult of the dried-fruit beetle, Carpophilus hemipterus (Lirm.) . (Original.)
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The use of an insect-proof package is a very important considera-

tion in the connection with the shipment of all dried fruits, especially

when packed in small cartons for retailing. A clean pack often be-

comes infested in the warehouse of the commission merchant or after

it has reached the wholesale or the retail grocer, but no matter how it

became infested, it reflects as much discredit upon the packer as if

it had become infested before it left the packing house. Some recent

experiments conducted by the U. S. Department of Agriculture and
pubhshed in Bulletin No. 235, June 24, 1915, show that an insect-

proof carton is both possible and inexpensive and has other important

advantages besides those already stated.

Infested storehouses, warehouses, grocery stores, bakeries, etc.,

may be rid of the beetles by a thorough fumigation with hydrocyanic

acid gas at the rate of 3 ounces of sodium cj^anide, and the proper

proportions of sulphuric acid and water, to every 100 cubic feet of

air space, or better if the place is fitted with a good steam-heating

apparatus, the insects may be destroyed by maintaining a temperature

of 125 degrees Fahrenheit for a period of several hours. Carbon

bisulfid may also be used as a fumigant at the rate of one half pound

to every 100 cubic feet of air space, but as it is highly inflammable

and explosive when mixed with air it is very dangerous.

Cleanliness about the pitting, drying and packing sheds is very

important in reducing the numbers of beetles which are likely to infest

the fruit and the storage bins and warehouse should be thoroughl}^

renovated before storing the new crop. Fruit from the previous year

should be carefully inspected and removed, treated or destroyed if

found infested.

Department of Entomology,
University of California,

Berkeley, California,

July 15, 1915.

FUMIGATION METHOD FOR SACKED COTTON SEED

By W. E. Hinds, Entomologist, Auburn, Ala.

In connection with the administration of the boll weevil quarantine,

it has frequently been necessary to fumigate considerable quantities

of cotton seed originating in boll weevil infested territory to make it

safe to allow shipments of such seed to points outside of the infested

area. In the course of the boll weevil investigations more than ten

years ago, it was found that carbon disulphide was the most practicable

material for such fumigation work. Hydrocyanic acid gas has very
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little penetrative power in cotton seed. This material, on account of

its texture, is extremely resistant to gas diffusion. Carbon disulphide

vapor, however, penetrates quite readily through masses of cotton seed

and is retained by the seed sufficiently long to make it a very effective

protection against the transmission of living boll weevils in seed ship-

ments.

The problem of application of the liquid to the seed was partially

worked out and the method described in Farmers Bulletin 209 pub-

lished in 1904. The method therein outhned involved practical

difficulties in apphcation on a large scale as the rapid evaporation of

the Hquid lowered the temperature to below the freezing point, thus

freezing water that might be contained in the liquid disulphide and

clogging the pipes.

The method herein described has been worked out in Alabama and

used quite extensively in the treatment of cotton seed grown for plant-

ing purposes. With this method it has been found possible to treat

600 or more sacks per day with four men to do the work. Two men
handle the application of the liquid, the method followed being shown

quite clearly in the illustration. The other two men mark the sacks

and pack them away after the treatment is given. Our method of

deaUng with seed for planting is to mark each treated sack with the

initials of the man in charge of the fumigation work, the date of the

treatment and serial number of the sack; e.g., A. B., l-20-'15. No. 1,

et seq. When shipping out fumigated seed, the grower could indicate

upon the certificate accompanying the way-bill for the shipment, the

numbers of the sacks included and this would constitute a positive

identification and guard against the shipment of untreated seed. This

method protects both the grower and buyer of the see4.

The apparatus consists essentially of a 3" air pump by which the

liquid and vapor can be forced quickly into and through the seed.

This is connected by pressure tubing with one branch of an ordinary

J" Y such as is used in spraying work. On this branch there is a cut-

off, also a regular sprajdng accessory. The other branch of the Y has

a similar cut-off and bears at its outer end a quarter turn with a metal

cup at the top just large enough to hold, or so marked as to indicate

accurately, the amount of liquid required for each sack. The Y is

connected with a piece of f galvanized gas pipe about ft. long,

closed at the distal end with a metal plug sharpened to a point so that

it will penetrate readily through the bagging and seed. For a distance

of 18 inches back from this end the tubing is perforated in various

cKrections and at distances of a few inches apart with a number of

small openings through which the liquid and vapor are distributed so

that it may diffuse through the sack in all directions. This type of
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tube is for use with the ordinaiy three-bushel sack. Almost any con-

venient receptacle may be used that will hold a quart or more -of car-

bon disulphide and from which it may be readily poured into the metal

cup. A one-gallon kerosene can is a convenient thing for this work but

a different arrangement is shown in the illustration.

The method of procedure is as follows: Drive the perforated rod

into the sack of seed to the proper place, close the cut-off on the cup

side of the Y and pour in the proper charge of liquid. Then open the

cut-off and permit the liquid to run down into the pipe, closing the

cut-off immediately thereafter and opening that on the air side of the

Y. Two or three strokes from the air pump will be sufficient to force

the liquid and gas into the seed and the perforated tube is then with-

drawn. Care should be taken to have the cut-off closed on the liquid

side of the Y to prevent the air pressure forcing the liquid back into

the face of the operator.

The treated sacks are closely stacked, preferably in a small room
which is sufficiently tight so that the entire room may be given a

regular treatment with disulphide as a final precaution. The seed is

left stored in this room until shipped. This method of treatment has

given entirely satisfactory results and is economical, both in the cost of

apparatus and in the amount of liquid required. The method of

treatment can, of course, be readily adapted to many other subjects

beside sacked cotton seed. In treatment of cotton seed, our practice

is to use one ounce of carbon disulphide per three-bushel sack of seed.

NOTES ON AN APPARENT RELATION BETWEEN APHIDS AND
FIRE BLIGHT (BACILLUS AMYLOVORUS)

By J. H. Merrill, Assistant Entomologist, Kansas Agricultural Experiment Station

Observations on this subject have been carried on since the spring

of 1913 in Doniphan County by the Department of Entomology of

the Kansas Agricultural Experiment Station. During the spring of

1913 the aphids were noticed to be unusually abundant in nearly every

orchard, especially on the Jonathan trees. They were found on the

buds which had begun to swell but were not completely opened.

Some of the fruit-growers, realizing that nothing but harm could

result where so many sucking insects were present, sprayed with a

contact insecticide to control them. Very few aphids were found in

the orchards which had received a thorough dormant spraying with

lime-sulphur.

Fire blight appeared later in the season in all of the orchards where
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the aphids were not brought under control. The infestation of aphids

was heavier on Jonathans than on any other variety, and the blight

infection was correspondingly heav}' on the same trees. During the

season of 1914 there was but a slight infestation of aphids and very

little blight made its appearance. However, the infestation of aphids

in the spring of 1915 was as severe as that in the spring of 1913. Profit-

ing by their experience in 1913 the growers who controlled the aphids

then sprayed their trees with Black Leaf 40 upon the first appearance

of these insects. Others also joined them in using this spray. Al-

though the fire blight was exceptionally abundant in 1915, only those

orchards suffered in which the plant lice were not controlled. Obser-

vations were carried on in both Wathena and Troy and the results

were the same in both places. Orchards in which the crops were a

total loss in 1913 from fire bhght injury were sprayed in 1915 wdth

a contact insecticide and today show but very little blight, while the

orchards which were not similarly treated look as though they had

been sw^ept by a fire. In one orchard part of a block of Jonathans

was sprayed with Black Leaf 40 and the remainder left untreated.

The latter portion is now badly infected hy fire blight while the sprayed

portion is practically free.

Doniphan Countv , which is primarily a fruit-growing district, has

offered excellent opportunities for carrying on these observations.

The Jonathan trees have always shown more aphids and later more
blight than the other varieties, yet when these same trees have been

treated with a contact insecticide the aphids were controlled and

they showed but little blight injury.

It is not the intention to claim here that the aphids are the only dis-

tributers of fire bhght but rather to give the facts resulting from

experiments carried on to control these insects. These facts seem to

show that there is a direct relation between the severity of the infes-

tation of aphids and the blight infection. Work along these lines is

now being continued.

TWO INTRODUCED WORMS OF ECONOMIC INTEREST

By H. Gakman, Head of Division of Entomology and Botany,
Kentucky Experiment Station

Helminthology is so closely related with entomology and w^orms so

frequently arouse the interest of the economic entomologist when
found doing mischief where insect injury was suspected, that it may
not be out of place to call attention to a couple of interesting species,

one a flat worm, the other a round wwm, which appear to have been

somewhat recently introduced into this country.
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Bipalium keicense.—June 22. 1915. a florist of Lexington l^rought

me a fine specimen of this giant land planarian which he found in soil

about plants in his hothouse. When extended it measured over

seA'en inches in length, the body being flattened, unsegmented. slimy,

and about O.IS inch '4.5 mm. ' in greatest width. The head is a singu-

lar leaf-hke structure capable of being greatly distended and widened,

and as the animal moves is kept swaying about like a great lip. It is

not notched as represented in Dr. Gamples" Platyhelminthes. p. 34

(The Cambridge Xatural History Series !.

The general color is brown, the dorsal side with a narrow l_dack

median line, with two broader less well-defined hues on each side of it.

the outer one of each side lying close along the margin of the body.

Beneath, the body is marked by two obscure longitudinal dusky lines,

one on each side of the middle line.

Just where the worm comes from is problematical. It is said to

occur in the forests of Samoa, and may be native there. It has fre-

Cjuently been introduced into England and other European countries

with plants, and we may surmise that it has been brought thus into

the United States. This is the second instance of its occurrence at

Lexington, the first specimens, of which there were two. being brought

to me by a florist in 1905.

"We have nothing like this flat worm so far as I know among our

native species. It is formidable in appearance, but may prove not to

be a pest. The common aciuatic species of this part of the United

States commonly measure less than a half inch in length.

Heterodem scho.chtii.—In 1910. I receiA'ed from a former student of

Kentucky State L'niversity a sample of sugar beets from Spreckles.

California, badly infested with the European Eel worm, and which was

reported to be a very destructive pest to sugar beets grown on the

Spreckles sugar plantations. ^ly correspondent wrote of the infestation:

^' At present the nematode patches are not large and Ave hope to get

them under control before they spread further. Infested areas are

clearly defined in the beet fields. The plants wilt down during the

heat of the day but revive during the night. On the infested roots

can easily be seen the swollen bodies of the females filled with eggs.

It will be recalled that the Bureau of Entomology published some

years ago a bulletin on the Pvoot-knot worm ' Heterodera radicicola • of

the South Atlantic states, and of hothouses north. The western

species works veiy differently, but is, if anything, more destructive. I

have been expecting to hear from it in the eastern states. Has anyone

encountered it there?

Lexixgtox, Kextucky,
- June 26, 1915.
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NEW GALL MIDGES

By E. P. Felt. Albany, X. Y.

This paper characterizes a number of new and recently reared gall

midges. Among these may be found one referable to a genus not

hitherto recognized as American, and another belonging to a genus

recentl}^ erected by^ a well known European authority, Dr. Kieffer,

based upon a fairly well kno^m American species.

Prionellus monilis Felt.—Several females agreeing very closely with

the type were collected May 1, 1914, hy Prof. J. ^I. Aldrich at Lafay-

ette, Ind., while sweeping Tsinter wheat. The male was unknown and

is described from this material.

Male.—Length, 1 mm. Antemige nearly as long as the body, sparsely haired,

light brown; 14 segments, the fifth with the stem about three-fom'ths the length of

the rounded-pyriform basal enlargement, which latter has a length about one-third

greater than its diameter; two iudistinct crenulate whorls with a rudimentary third

and subapically a whorl of four, somewhat fusiform sensory organs, probably rudi-

ments of the distinct collar of the female; terminal segment reduced, narrowly oval,

obtusely rounded apically. Palpi; first segment irregularly quadrate, the second

broadly oval, the third one-half longer than the second, more slender, the fotulh

nearly ivdc^ as long as the second, more slender. ]\lesonotum dark shining brown.

Scutellum, postscutellum and abdomen dark reddish bro-^m. Halteres whitish

transparent. Legs mostly fuscous yellowish, the distal tarsal segments somewhat
darker; claws strongh' curved, finely denticulate, the pulvilh longer than the claws.

Genitalia; basal clasp segment short, stout; terminal clasp segment short, gi*eatly

swollen, with a length less than twice its diameter; dorsal plates long, broadly rounded;

ventral plate obscure. Harpes strongh' chitinized, approximate at the distal third,

the acute apices divergent. Cecid. 1582.

Dasyneura torontoensis n. sp.—A number of small midges were

reared from Maianthemum canadense, yisiy 3, 1915, by Dr. A. Cosens,

Toronto, Can., from a root gall. Later in connection with the subter-

ranean habits of the species, Dr. Cosens writes that he was unable to

detect any attempt to fly on the part of the adults. The gall is fusi-

form, monothalamous and has a length of 7 mm., a diameter of 1.5

mm. and is inhabited by a whitish larva.

This species runs in our key to Dasyneura piperike Felt, from which
it may be separated by the decidedh' shorter terminal antennal seg-

ment and the shorter fourth palpal segment. There are also colora-

tional differences. Onh' the female has been reared.

Larva.—Length, 1.4 mm., whitish, stout, the skin coarsely shagreened and trans-

versely wrinkled. Head rather narrow, roundly acute, the antennae long, tapering,

with a length thrice the diameter; breastbone bidentate, strongly chitinized, slightly

expanded basaUy; posterior extremity of bod}' probably roundly truncate and with
a pair of submedian, tapering, fleshy processes.

2
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Female.—Length 1.5 mm. Aiitemise extending to the third abdominal segment?

sparseh' haked, yellowish or dark brown, yellowish basaUy; 14 segments, the fifth

subsessile, cyhndric, with a length one-half gi'eater than its diameter, the terminal

segment somewhat reduced, broadly oval and with a length thi'ee-fom-ths greater

than its diameter. Palpi; the fu'st segment in-egularly subquadrate, the second

with a length a httle greater than twice its diameter, the thu-d one-haK longer than
the second, slender, the fomih one-half longer than the third, slender. Eyes black.

^Nlesonotum dark brown, the sparsely haired submedian lines yellowish; in one speci-

men the mesonotum is fuscous yellowish. ScuteUum and postscuteUum yellowish.

Abdomen yellowish orange, the ovipositor about haU the length of the body, the

terminal lobes sparsely setose, slender, slightly constricted near the basal thu'd and
with a length about four times then- width. Halteres yellowish basally, shghtly

fuscous apically. Coxae, femora and tibise mostly pale straw, the tarsi mostly dark
bro"«Ti; claws slender, strongh' cm'ved, the pul^dUi as long as the claws. Type
Cecid. a2620.

Asteromyia ? Iceviana Felt.—One female midge resembling, in a gen-

eral way at least, the male of this species, was reared from a similar

gall on Aster saggittifoUus, July 15, 1913, by Dr. A. Cosens, Toronto,

Ont., Can.

Female.—Length, 1 mm. Antennae extending to the base of the abdomen, sparsely

haired, dark brown; at least 14 and probably 15 or 16 segments, the fifth with a length

about equal to its diameter. Palpi invisible in the preparation, prol^ably miiarticu-

late. Mesonotum shining black, the submedian lines sparsely hahed. ScuteUum
shining dark brown, sparsely haired apically, postscuteUum ^^eUowish bro^Ti. Abdo-

men a nearly uniform black, the thhd to sixth abdommal segments narrowly mar-

gined posteriorly with whitish scales. Wiags hyahne, the thii'd vein uniting with

the margin near the basal half. Halteres yeUowish, the club narrowly fuscous

basaUy. Coxse reddish brown; femora yeUowish basaUy, fuscous apicaUy.' Tibiae

and tarsi fuscous. Ovipositor about half the length of the abdomen, stout, the ter-

minal lobes orbicular, minor lobes linear, both thickly setose. Cecid. a2440.

Feltiella davisi n. sp.—The small midges described below, tenta-

tively referred to this genus, were reared June 19, 1915, from catnip

leaves infested with Aphis gossypii Glov. and forwarded, June 15, hj

Dr. J. J. Davis of Lafayette, Ind. The adults present all the characters

of this genus, heretofore not recognized in America, except that the

palpi appear to be triarticulate, and even in this organ the terminal

segment is indistinctl}^ divided and apparently composed of two closeh^

fused, probabl}^ rudimentary segments.

Male.—Length, .8 mm. Antennae one-haU longer than the body, thickly hahed,

fuscous yeUowish; 14 segments, the fifth having the stems each with a length about

two and one-half times then diameters, the distal enlargement short and with a

length about one-fom-th gi-eater than its diameter; terminal segment wanting in the

preparation. Palpi; the fii'st segment hregularly quadrate, the second with a length

about one-half greater than its diameter, the third twice the length of the second,

fusiform and indistinctly divided. Mesonotum brownish yeUow. ScuteUum j-eUow,

postscuteUum fuscous yeUow. Abdomen mostly a Ught fuscous yellowish with a

reddish brown spot basaUy. Wings hyaline, the thu'd vein uniting with the margin
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just before the apex. Halteres mostly fuscous yellowish. Coxse and femora

basally whitish transparent, the femora distally shghtly fuscous; tibise and tarsi

mostly pale straw; claws slender, evenly cm'ved, longer than the pulvilH, the anterior

unidentate. Genitaha; basal clasp segment long, slender, basally with a large

internal, cmwed, subtriangular setose lobe; terminal clasp segment moderately stout

and rather short; dorsal plate short, deeply and triangularly emarginate, the lobes

obHquely roimded; ventral plate broad, broadly rounded apicaUy; style long, tapering

to a narrowly rounded apex.

Female.—Length, .8 mm. Antennae three-fomths the length of the body, sparsely

haired, fuscous yellowish; 14 segments, the fifth with a stem one-fom'th the length

of the cyhndric basal enlargement, which latter has a length two and one-haH times

its diameter; terminal segment somewhat produced, shghtly constricted near the

basal thhd, narrowly rounded apicaUy. Palpi; the fu'st segment ii'regularly quad-

rate, the second with a length more than twice its diameter, the third one-half longer

than the second, shghtly constricted near the basal thhd. Mesonotum brownish

yellow. Scutellum yellowish, postscuteUum brownish yeUow. Halteres mostly

yellowish or yeUowish orange. Coxse and femora mostly yellowish transparent;

tibiae pale straw; anterior and mid tarsi dark fuscous yeUowish, the posterior tarsi

pale yellowish. Ovipositor short, the terminal lobes roundl}' triangular and rather

thickly clothed with coarse setae. Other characters practically as in the male.

Type Cecid. a2643.

Mycodiplosis fungiperda n. sp.—The pale yellowish, black-eyed

midges described below were reared by Theodore Pergande September

24, 1896, from orange-colored or whitish larvae occurring in a large,

yellowish fungus growing on rotten bark. This species is described

through the courtesy of Dr. Howard of the Bureau of Entomology.

jMr. Pergande states that the fungus was infested by millions of the

larvae, which jumped about like flies, even to a distance of five or six

inches and displayed an evident preference for the light.

Male.—Length, 1.2 mm. Antennae nearly twice the length of the body, thickly

haired, pale yellowish; 14 segments, the fifth with stems twice the length of their

diameters. Palpi; first segment short, subquadi'ate, the second with a length thi'ee

and one-half times its diameter, slender, the thnd a little longer and more slender, the

fourth as long as the third; entire body pale yellowish. Wings whitish transparent.

Halteres yellowish, shghtly reddish apicaUy. Legs pale straw; claws long, slender,

evenly cur^^ed. Genitaha; basal clasp segment long, moderately stout; terminal

clasp segment long, tapering; dorsal plate short, deeply and triangularly emarginate,

the lobes triangular; ventral plate short, broad, tapering, broadly emarginate; style

short, narrowly roimded.

Female.—Length, 1.2 mm. Antennae nearlj' as long as the body, sparsely haired,

pale yeUowish ; 14 segments, the fifth with a stem about three-fourths the length of the

subcylindric basal enlargement, which latter has a length about twice its diameter,

penultimate segment produced, the basal enlargement with a length thrice its diameter,

apicaUy a rudimentary segment; ovipositor short, the lobes narrowly oval. Other

characters practicaUy as in the male. Type Cecid. 1315.

Paralellodiplosis corticis n. sp.—This pale yellowish form was reared

by C. V. Riley from larvae occurring in oak bark.
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Male.—Length, 1 mm. Antennae a little longer than the body, thickly haired

,

yellowish; 14' segments, the fifth with stems two and one-half and three times their

diameters, respectively; terminal segment produced, the distal enlargement stout,

cyhndric, with a length nearly three times its diameter and broadly rounded apically.

Palpi; first segment short, sub quadrate, the second with a length three times its

diameter, the third a httle longer, shghtly dilated, the fourth one-fourth longer than
the third, slender. Thorax and abdomen pale yellowish, the base of the latter some-
what tinged with orange. Wings yellowish transparent, costa pale yellowish.

Halteres yellowish transparent. Legs yellowish; claws slender, strongly curved,

simple, the pulvilli shorter than the claws. Genitalia; dorsal plate short, deeply and
narrowly emarginate, the lobes obhquely emarginate; ventral plate long, tapering,

slightly, subtruncate; style long, narrowly rounded. Type Cecid. 107f

.

Retinodiplosis Kieff.—The genus Retinodiplosis, erected by Kieffer

in 1912 with Cecidomyia resinicDla 0. S. as the type, represents a

well-defined group comprising such pitch-inhabiting forms as Ce-

cidomyia inopis 0. S., C. resinicoloides Wims. and the closely allied

species characterized bleow.

Members of this genus are mostly dark red or reddish-brown and
may be recognized by the short, almost transverse basal stems of the

flagellate antennal segments, the rather long, broad, distal enlarge-

ment, and the fine, short, many-looped circumfili in connection with

the rather heavy genitalia, the two plates being usually deeply bilobed.

The larva is easily recognized, in that the posterior extremity is

bilobed, the apex of each lobe being fuscous, heavily chitinized, and

strongly spined, an adaptation which permits the larva to extend its

anal spiracles, located in these lobes, through the surface of the viscous

resin it inhabits.

Retinodiplosis palustris n. sp.—'The midges described below were

reared May 20, 1915, from pitch on twigs of the long-leaved pine

collected by Dr. J. J. Davis at Talladega, Alabama, April 9 of the same

year. The species is closely related to R. resinicoloides Wlms. from

which it may be separated by the longer basal portion of the stem of

the flagellate antennal segment and the distinctly greater emargination

of the ventral plate.

Exuvium.—Length, 3 mm., the mesonotum and wing-pads fuscous yellowish,

the antennal and leg cases lighter; abdomen semi-transparent.

Male.—Length, 3.5 mm. Antennae probably nearly as long as the body, sparsel}'

haired, reddish brown; 14 segments, the fifth having the stems with a length one and

one and one-half times their diameters, respectively; distal enlargement subcjdindi'ic,

with a length one-fourth greater than its diameter, the circumfih moderately short,

stout and with numerous loops ; terminal segment, distal enlargement produced, with

a length about twice the diameter, a constriction near the middle and a somewhat

irregular, fingerhke process apically. Palpi; the first segment subquadrate, with

a length nearly twice its diameter, the second nearly twice the length of the fu'st,

the third a httle longer than the second, and the fourth a httle longer than the third.

Mesonotum dark brown, the submedian lines short, silver-haired. Scutellum reddish
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bro'v\n, po:tscutellum dark brown. Abdomen dark reddish-brown; genitalia with a

reddish cast. Wings hyaline, costa reddish brown. Halteres reddish brown, yel-

lowish basally. Coxse reddish brown, the legs mostly pale straw, the tarsi slightly

darker; claws moderately stout, sUghtly curved, simple, the pulvilli longer than the

claws. Genitaha; basal clasp segment moderately long, stout; terminal clasp seg-

ment short, tapering and curvmg apically; dorsal plate short, broad, broadly and

triangularly emarginate, the lobes somewhat divergent and broadly rounded;

central plate long, broad, deeplj-, roundly and triangularly emarginate, the lobes

tapering to a naiTOwly rounded, setose apex.

Female.—Length, 4 mm. Antennae probably extending to the third abdominal

segment, sparsely haired, reddish-bro\\Ti ; 14 segments, the fourth with a stem one-

fourth the length of the subcyHndric basal enlargement, which latter has a length

two and one-half times its diameter and is shghtly expanded apically. Palpi; the

first segment roundly triangular, the second with a length more than three times its

diameter, the third a Uttle shorter than the second and the fourth one-half longer

than the third. Abdomen reddish-brown. Ovipositor short, with a length less than

one-third the abdomen, the terminal lobes narrowly oval and thickly setose. Type
Cecid. a2622.

Described from balsam preparations, colors approximate.

THE RHODODENDRON LACE-BUG, LEPTOBYRSA
EXPLANATA HEIDEMANN

{Tingitidoe, Hemiptera)

By C. R. Crosby and C. H. Hadley, Jr., Ithaca, N. Y. ^

As early as 1906, this tingid had been noted as being abundant and
causing considerable injury to rhododendrors in several localities in

New York. In 1908, Heidemann described it as a new species, adopt-

ing the manuscript name of Professor Uhler, Leptohyrsa explanata.

Since then its presence has been observed every year, often being abun-

dant enough to cause serious injury.

Distribution

This insect is more or less widely distributed from North Carohna
to Massachusetts, and as far west as Ohio. It has been found in the

following states: North Carohna, Maryland, District of Columbia,

Pennsylvania, West Virginia, Ohio, New Jersey, New York, Connec-
ticut and Massachusetts, and is probably present in others also. In
New York it is found in a number of places.

Hosts

This insect has been recorded as abundant on mountain laurel,

Kalmia latifolia, and rhododendron or great laurel, Rhododendron

^ Contribution from the Department of Entomology of Cornell University.
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maximum. We have observed it breeding abundantly on rhododen-

dron in the Rochester parks and in private grounds at Ithaca.

We have also received specimens from nurseries at Lynbrook, Long
Island, on rhododendron, and from Franklin Park, Boston, Mass., on
mountain laurel. In April 1908, eggs were found in abundance on wild

rhododendron at Port Jervis, N. Y.

Injury

The leaves are disfigured on the underside along the midrib by the

brownish scabs which cover the eggs, as described below. The great-

est injury is caused by the nymphs and adults feeding on the under

surface of the leaf. They suck the sap, causing a lighter colored spat-

tered appearance on the upper surface, often with consequent drying

and shrivehng of the leaf. The sale of rhododendrons is also some-

times hindered by the unsightly appearance of the undersides of the

leaves, due to the excrement left there by the insects.

Life History

Egg.—5.54 mm. long by .24 mm. wide. It is flask-shaped with the

neck bent to one side. The anterior end is obliquely truncate and

provided with an oval lid. This lid has a submarginal ridge which

encloses an oval impressed area. The egg is smooth,without sculpture,

and is white, except near the anterior end where it is somewhat brown-

ish. The eggs are usually inserted in a more or less irregular row along

the midrib on the underside of the leaf, but occasionally in the leaf a

short distance away from the midrib, on either side. The leaf tissue

surrounding the egg becomes hardened and corky, but this hardening

is entirely internal and makes no noticeable change on the surface

of the leaf. In removing the egg with a needle, this gall-like

growth is easily separated from the normal tissue. The lid is nearly

on a level with the leaf surface and is protected by a drop of a brownish

substance deposited by the parent insect, and has the appearance of a

small scab. When the eggs are abundant, these scabs are quite notice-

able along the underside of the leaf. Often these scabs drop off several

days before the eggs hatch, exposing the egg cap. The eggs are laid

in the newer leaves, and the winter is passed in this stage.

Nymph.—At Ithaca, the eggs hatch in late May or early June, de-

pending on the weather. They have been observed hatching outdoors

on June 6, and had apparently all hatched by June 17. In 1908, first,

second and third stage nymphs were observed out of doors on June 2.

Explanation of Plate 22

1. Injured and uninjured leaves, showing eggs and disfiguring on underside of leaf.

2. Eggs in position in leaf tissue,

3. Location of eggs along midrib.
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Mr. Dunbar states that he observed the young nymphs on May 25,

1906, on rhododendrons in Hyland Park, Rochester, N. Y. In hatch-

ing, the end of the egg enlarges sHghtly, becoming almost transparent.

Then the nymph gradually emerges, the red eye-spots showing very

conspicuously. The body sways back and forth slowly, during emer-

gence, with sHght spasmodic movements. When all the body has

emerged except the last two or three segments, the spines along the

sides of the body and the legs unfold and stiffen out. Then the leaf sur-

face is grasped by the claws of the legs, and the insect is able with this

help to withdraw the body entirely. Often the egg shell is drawn partly

out of its pocket by this last effort. The newly emerged insect rests

for several minutes after its exertions, then it slowly walks around,

seeking a suitable feeding place. When first emerged the nymph is

colorless, almost transparent, except for the bright red eyes. Soon

after feeding commences, it begins to darken up.

The nymphs feed in groups, remaining in a place a short time, then

moving to a new location. The characteristic feeding attitude is with

the body inclined upward towards the head, the antennae straight

outward slightly diverging. At intervals the body sways slightly from

side to side. After feeding a short time, the proboscis is withdrawn,

and the slender inner sucking tube is carefully cleaned with the fore-

feet, in much the same fashion as the ordinary house fly.

Description of Nymphal Stages

First stage.—Length, 0.75 mm. At first nearly colorless but gradually becoming

darker at base of legs and at base and tip of antennae and beak, abdomen appearing

greenish from the ingesta. Head rounded in front, narrowed behind the eyes, armed
with five strong tubercles, two above the base of beak, one just behind these bearing

two hairs and two near the posterior margin. Eyes consisting of five distinct omma-
tidia, bright red, prominent. Thorax a httle narrower than abdomen. On each

thoracic segment and on each abdominal except the first there is on each side near

the lateral margin a simple hair borne on a minute tubercle. On the mesothorax

there is a median pair of small hairs. On abdominal segments 2, 5, 6 and 8 there is

a large double median tubercle bearing at its tip two short hairs. All these hairs

secrete a sticky substance which hangs as a clear drop at the end. Antennae three-

fourths the length of the body, four-jointed, the two basal segments short, third the

longest, fourth shghtly more than half as long as the third. Beak in newly hatched

specimens nearly as long as body, after feeding reaching only to second abdominal

segment.

Second stage.—Length 0.9 mm. In general much hke first stage except that lateral

margin of abdomen is shghtly more explanate and the dusky parts have become
darker. Abdomen and lateral part of thorax dusky. The tubercles on the head are

much longer, quite slender and of a dusky color. The lateral tubercles on the pro-

and mesothorax and on abdominal segments 4-9 are much larger, those on the meta-

thorax and on abdominal segments 2 and 3 are small. There seems to be no tubercle

on the first abdominal segment. The dorsal tubercle is much larger than in preceding

stage and bears four or five hairs. The dorsal abdominal tubercles are much larger

and bear a cluster of hairs, the one on the second segment being smaller than the
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others. Towards the last of this stage two small ommatidia begm to show on the

anterior side of the group.

Third stage.—Length including tubercles on head 1.4 mm. Outer side of first, tip

of second, third and fomlh joints of antennae, all the large tubercles on body, wing-

pads and dorsum of abdomen dusky with a greenish tinge. The outline of the eye is

now distinct and the ommatidia numerous, red. The wing-pads are conspicuous and

extend to second abdominal segment. The tubercles which had increased in size in

the preceding stage have become still larger and bear more glandular hans while the

smaller areas seem to have become obsolete.

Fourth stage.—Length including tubercles on head, 2.25 mm. All tubercles have

become longer, more slender and are dusky. The sides of prothorax are more expla-

nate, the posterior margin is shghtly biconcave, while the rounded median portion

extends between the mesothoracic tubercles. The wing-pads extend to the fifth

abdominal segment; the lateral tubercles of the mesothorax occupy the extreme mar-

gin of the wing-pad and are nearer the apex than the base. Color dull yellowish;

base and tip of wing-pads, large oval spot on abdomen, spots at base of tubercles and

outer side of first, tip of second and thu'd, and distal two-thirds of fourth segment of

antennae dusky with a greenish tinge. Legs dull yellowish, tip of tarsi dusky.

Under insectary conditions, the length of the nymphal stages has

been found to be as follows:

First stage, 6 to 7 days;

Second stage, 4 to 6 days;

Third stage, 3 to 6 days;

Fourth stage, 12 to 15 days.

Under outdoor conditions, the length of stages is probably a httle

greater, as adults have been seen mating on July 20, and laying eggs

on July 25.

Adult.

^

—Body short, oval in the female, more elongate in the male, shining black;

membranous parts of pronotum and integument of el}i;ra pale j^ellowish, semitrans-

lueent, nervures yellowish. Head rather small, black, with three white frontal spines,

two approaching each other, the middle one comparatively stouter; besides, there are

two other more slender spines extending from behind the eyes towards front. An-

tennae long, finely pilose, yellowish, the tips infuscated; two basal joints slightly

thicker than the foUoudng ones, first joint twice the length of second, third httle more
than three times as long as fourth. Bucculae yellowish, narrow, angulate and broader

behind, the edge upturned a little. Pronotum transverse, feebly convex, coarsely

punctured, and shining black; in fresh specimens the sides of the pronotum are covered

EXPLAN'ATIOX OF PlATE 2.3

Leptohyrsa explanata Held.

Fig. 1. Adult.

Fig. 2. Egg.

Fig. 3. First stage nymph.
Fig. 4. Second stage nymph.
Fig. 5. Third stage nymph.
Fig. 6. Fourth stage nymph.

iHeidemann, O. Proc. Ent. Soc. Wash. X, 105-108.
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with a whitish film that also extends toward the underside at the sternum. Hood
not much inflated, cristate and shghtly tapering towards front; covering the head,

except the eyes, with quite large areoles at the sides near top and a few smaller ones

at lower part. The three pronotal carinse yellowish,the median one strongly declining

towards apex of the triangular posterior portion of pronotum, with, a row of long,

large areoles of which the middle ones are divided hy a few cross ner\nires and em-

browned; outer carinse very low, only half as long as the median carina, extending

from base of hood to sides of pronotal portion posteriorly; the triangular part of pro-

notum rather short, yellowish and finely reticulated; membranous pronotal margins

strongly rounded behind, reflexed, widening moderately at sides, narrowmg toward

the neck and reaching the lower part of hood close to the eyes, with two or thi'ee

rows of average-sized areoles. Elytra ovate, iridescent, extending one-haK their

length beyond abdomen, a httle less in the male; discoidal area pjTiform and short,

angularly raised at the outer nervure, somewhat rounded at apex and broadlj^ scooped

out on the upper surface, with three or four rows of quite large areoles at the widest

part. Subcostal area subvertical, wider than the discoidal area, having about five

rows of irregular small areoles, those of the upper row much larger; costal area broadly

expanded, with four or five rows of very large, more or less irregular areoles, dimin-

ishing to three and two rows at base. Surface of elytra very pecuUarly undulated,

with two transverse, sharp impressions, and another at apex formed by the outer

nervure of subcostal area; a Hght transverse fascia on basal half. Median nervure

of subcostal area strongly sinuate towards tip of elytra; sutural area at inner part

irregularly reticulated with rows of some extremely large areoles. Entire margin of

el}i:ra, lateral margins of pronotum, crest of hood, carinse, and most of the ner^-ures

beset closely with long, very fine hahs. Rostral groove uninterrupted, broad at

mesostemum and metasternum, angularly closed in front; rostrum reaching meta-

sternum. Abdomen of female broadly rounded at apex, in the male more elon-

gate, the sides of genital segment sinuated; at tip two strong claspers. Length 3.6

mm.; width of each elytron across widest part, 1.4 mm.

Control

Our experience has shown that it is not a difficult matter to control

these insects. They may be killed by a soap, and water spray, at the

rate of 1 pound soap to 10 gallons water. The spraj^ should be directed

at the under side of the leaves, and applied as soon as the njanphs are

observed. It may be necessary sometimes to spray more than once

during the season. Any good soap may be used without injurj^ to the

leaves. In the case of rhododendron, care should be taken not to spray

the plants while the hot sun is shining; otherwise the leaves will be

scorched.
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THE IMMATURE STAGES OF THE BLACK APPLE LEAF-
HOPPER (IDIOCERUS PROVANCHERI VAN DUZEE) i

By yi. D. Leox-\rd, Ithaca, N. Y.

During the past five or six seasons small blackish homopterous

nymphs have been observed on apple twigs brought into the Cornell

Insectary during ^larch and April for the purpose of rearing apple red

bugs. These nymphs have also been seen during the spring and early

summer in large numbers on the leaves of many apple trees about

Ithaca, N. Y. It was not, however, until the spring of 1914 that an

adult of this species was obtained when it was found to be Idiocerus

provancheri Van Duzee.

Osborn & Ball (1898: 124-125) state that the species of Idiocerus of

which the life histories are known are confined to the different species

of Salix, Populus and Cratagus. Idiocerus provancheri has been

reared abundantly from apple and the nymphs have been found on

quince and on pear. It is also stated that the adults of this genus

hibernate and deposit eggs in the spring and that the nymphs ''usually

mimic the color of some part of the tree upon which they feed and are

difficult to detect.'' I. provancheri winters in the egg stage. More-

over, the black nymphs are very conspicuous on the apple foliage and

twigs and are not protectively colored. They do, however, have a

strong resemblance to a small Attid spider. These facts constitute

interesting exceptions to the above statements of Osborn & Ball in

regard to members of this genus.

The nymphs feed chiefly on the under side of the leaves and when
disturbed are very active dodging about on the leaf or running rapidly

along the stem. The effect of the feeding of the nj^mphs on the leaves

is a yellow stippling similar to that caused by the apple leaf hopper.

Idiocerus provancheri has been reared on apple twigs received from

Oswego and Newark in New York, from Ridgewood, N. J., and Phila-

delphia, Pa. Nymphs have been observed on apple trees by Professor

C. R. Crosby at Stuyvesant Falls, Williamson, Spencerport, Holley

and Penn Yan in New York, by Mr. H. H. Knight at Batavia, N. Y.,

by Mr. C. B. Savage at Kinderhook, N. Y., by Dr. Robert Matheson
at Wolcott, N. Y., and by the writer at Honeoye Falls and Rochester

Junction, N. Y. They have been received from Babylon, Long Island,

N. Y. Nymphs have also been seen by Professor Crosby on pear at

Stuyvesant Falls and by the writer at Oswego, N. Y.

The seasonal life history has not been worked out but nymphs which

had recently hatched were observed in abundance at Stuyvesant Falls,

^ Contribution from the Department of Entomology of Cornell University.
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N. Y., on April 29, 1915, and the writer observed nymphs hatching on

apple on May 6, 1915, at Ithaca. Hatching apparently commences

at about the time the blossom clusters appear. At Rochester Junction

a number of nymphs were observed on June 4, 1914, on an apple tree,

one of which was in the third instar. On June 10 an adult was taken

from the same tree with the last nymphal skin next to it.

This species has been recorded from Montreal, Winnipeg, and

Hamilton in Canada, from Mt. Washington, from Buffalo, Lake

Placid and Severance in New York, and is said to occur westward as

far as Iowa. The two specimens which represent this species in the

Cornell University collection were collected by E. P. Van Duzee in

1886 at Lancaster, X. Y.

The eggs of this species, according to the observations of Professor

Crosby, are inserted almost full length into the bark of the fruit spurs

about one-fourth inch from the base of the buds. The exuvium pro-

trudes slightly. These were observed commonly by him on apple

trees at Stuyvesant Falls, N. Y., on April 29, 1915. Newly hatched

nymphs were abundant on the twigs. The writer has observed small

hemipterous eggs inserted almost full length into the bark just at the

base of the fruit buds on an apple tree near the Insectary at Ithaca.

First stage nymphs of Idiocerus provancheri were present on the tree.

One of these eggs was dissected out of the twig and it bore so strong a

resemblance to the egg of Idiocerus alternatus Fitch, as figured by
Osborn & Ball in the paper referred to above, that I think there is no

doubt of its belonging to the species under consideration. This egg

is shown in Plate No. 24, figure 1.

The following descriptions of the immature stages of this species

are based upon rearings made in the Cornell Insectary during the past

two seasons.

The egg.—Length, 1.62 mm., greatest width, .45 mm., cyHndrical, slightly curved,

broader and more bluntly rounded at posterior end, tapering somewhat at anterior

end and acutely rounded
;
pale yellowish or whitish in color, somewhat shining. In

the figure the eye-spot of the embryo is shown.

Stage I (PI. 24:, fig. 2).—Length, 1.12 mm.; width of head including the eyes, .56 mm.;
abdomen at widest point, .32 mm. General color, shining dark brownish to black.

First segment of abdomen pale yellowish with a broad sHghtly procurved dark

Explanation of Plate 24

Idioceriis provancheri V. Duz.
Fig. 1. Egg.

Fig. 2. First stage nymph.
Fig. 3. Second stage nymph.
Fig. 4. Third stage nymph.
Fig. 5. Fourth stage nymph.
Fig. 6. Fifth stage nymph.
Fig. 7. Adult.
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brownish band which does not touch the lateral margins. Second segment some-

times pale yellowish near median portion. Eyes dark reddish; antennae with the

basal segment black, otherwise pale yellowish. Legs shining blackish; coxae, tro-

chanters and tarsi pale yellowish, except the tip and claws.

Stage II (PI. 24, fig. 3).—Length, 1.68 mm.; width of head including eyes .72 mm.
Differs from preceding stage only in size, in that the head is not proportionately so

large or abdomen so narrow and hind margin of metathorax is somewhat procurved.

Stage III (PI. 24, fig. 4).—Length, 2.4 mm. ; width of head including eyes .975 mm.

;

width of abdomen, .75 mm. General color blackish; whole dorsal surface and
legs finely punctate so that it is not so shiny as in the two preceding stages. Antennae

dark, eyes dark reddish. Tibiae at tip, and tarsi, except at tip, pale yellowish. First

abdominal segment almost entirely pale yellowish, second pale yellowish on hind

margin and towards lateral margins. Wing-pads slightly apparent.

Stage IV (PI. 24, fig. 5).—Length, 3.1 mm.; width of head including eyes, 1.2 mm.;
width of abdomen .9 mm. As in preceding stage but legs have a tendency to be

brownish rather than blackish; femora at base, tibiae at tip and tarsi except extreme

tip, and the claws, pale yellowish; femora above light brownish towards tip. The
whole of the first abdominal segment and the hind margin and an obhque streak near

each lateral margin of second, pale yellowish. Metathoracic wing-pads reach back-

ward to about second half of third abdominal segment and mesothoracic wing-pads

almost as far.

Stage V (PL 24, fig. 6)—Length, 4.3 mm.; width of head, including eyes 1.5 mm.
As in preceding stage except that tibiae are lighter, the terminal half of the fore tibiae

pale yellowish; the wing-pads reach back to fifth abdominal segment and the head and

thorax are sparsely sprinkled with fine, short, pale hairs.

In all of the stages, when actively feeding, the abdomen of the nymphs may
frequently become distended with food so that the intersegmental areas show as

red bands between the segments.

Adult (PI. 24, fig. 7).—This species is described by Osborn & Ball (1898) as follows:

Fulvous brown, resembling maculipennis, but with a broad yellow stripe on the

clavus. Length, 9 5.3 mm.; 5 mm.; width, 1.7 mm. Face as in maculipennis in

both sexes, pronotum lacking the black spots and the light margin, the two outer spots

smaller, the middle one elongate; scutellum entirely rufous, darker in the male.

El3^ra fulvous brown, the nervures indistinct, scutellar margin black; just outside

this to the margin of the clavus and extending back to just before the apex of the

outer claval nervure where it rounds off is a distinct bright yellow area ; costal margin

with a hyaline spot before the tip.

"Structurally very close to maculipennis, slightly smaUer, readily distinguished by

the bright yellow clavus."

Some of the specimens which I have before me have the pronotum and

scutellum black, except for a small median spot at the cephahc border

of the former and for the caudal border of the latter, which are yellow.

The face is yellow with three black stripes, one median and one ex-

tending from each eye to the base of the beak.

Following Osborn and Ball I have used, in this paper, the name

Idiocerus provancheri Van Duzee, although I am not convinced that

this is the correct name to apply to the species under discussion.

This insect was first described by Provancher in 1890 under the name

Bythoscopus cUtellarius, which he erroneously ascribed to Fitch, giv-
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ing as a reference: Third Kept. Inj. Ins. N. Y., p. 365, No. 69. In

this place Fitch merely briefly described, and recorded the injury to

plum by, BytJioscopus clitellarius Say, using that name. In 1890 Van
Duzee proposed a new name, provancheri, for Provancher's species

on the ground that the latter's name was invalid because the species

considered by Fitch was Thamnotettix clitellarius Say. I do not see

why this fact should invalidate Provancher's name, clitellarius. The

insect under consideration was first described by him under this

specific name and since the name clitellarius had not been used before

in the genus Idiocerus there is no reason why the species should not be

called Idiocerus clitellarius Provancher. In order to avoid confusion,

since the insect is well known under its present specific name, I have

not made the above change in the present paper.
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LITTLE-KNOWN WESTERN PLANT-LICE. I

By W. M. Davidson, Scientific Assistant, Deciduous Fruit Insect Investigations,

Bureau of Entomology'^

Phylloxera salicola Pergande

Phylloxera salicola Pergande; Pergande, North American PhyUoxerinse Affecting

Hicoria (Carya) and Other Trees. Trans. Davenport Acad. Sci., IX.

This species occurs in California on willow {Salix lasiolepis

Benth.). The infestations are mostly confined to the axils of the buds
on the twigs, but in one instance a heavy infestation occurred on the

bared roots of a willow growing on a stream bank. These roots were
about half an inch in diameter. The lice occurred in small cracks of

^Published with the permission of the Chief of the Bureau of Entomology.
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the bark and so numerous were they that the roots appeared to be

covered with a thin layer of cottonwool. All examinations failed to

disclose nymphs or winged forms. Pergande states that some of the

eggs deposited by the apterous adults were sexual. I failed to find

any sexual lice and it is hkely that in California the asexual generations

proceed to reproduce throughout the winter as is the case with many
other species. Dates of observation were November 6, 1913, Feb-

ruary 3, 1914, October 15, 1914. On all these dates the colonies

comprised eggs and lice in all instars. Collected at Walnut Creek,

California.

Phylloxera popularia Pergande

Phylloxera popularia Pergande; Pergande, North American Phylloxerinae Affecting

Hicoria (Carya) and Other Trees. Trans. Davenport Acad. Sci., IX.

Infests the limbs and twigs of Populus trichocarpa T. & G. and P.

fremontii Wg.ts. The individuals are covered with a white cottony

substance and are usually to be found in cracks or clefts in the bark

where they obtain food from the inner layers. They also invade old

galls of Thecahius populicaulis Fitch. Specimens collected April 20

and May 4, 1914, at Walnut Creek, Cahfornia

Thecahius populicaulis Fitch

Pemphigus populicaulis Fitch; Fitch, Kept. Ins. N. Y., Y, 1859.

In the latitude of San Francisco I have observed the sexuparse under

poplar bark (Populus fremontii AVats.) in late winter and spring. Some
were found alive and depositing sexes as late as May 12.

The sexes appear to cast four molts, all in rapid succession, and im-

mediately after the final molt they copulate and the single egg is

laid in a crevice in the bark, on trunk or larger limbs or any dead plant

matter that may be touching the tree. The female is pale orange,

beakless, and when gravid measures about .86 mm. x .38 mm. and after

the egg has been laid but .44 mm. x .36 mm. The male is darker and

narrower, also beakless, and measures about .60 mm. x .25 mm. The
females are much more abundant than the males. After the female

has deposited the egg she remains active for a short period, much
shrunken and brown. A day before the deposition of the egg, cottony

filaments are excreted by the female and she contrives to cover the

egg with these. Incubation in May takes about two weeks. The
egg at first is yellowish-green, but before it hatches the color be-

comes apple green. The egg is about half a millimeter in length and

about half as wide. The fundatrix after hatching is apple green with

black transverse bars on the dorsum. For a few days (in April and

May) it remains close by the empty egg-shell under the protection of

the bark of the tree. Later it ascends the tree and seeks a young leaf
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Section of willow root exposed to light under stream bank and infested by

Phylloxera salicola Perg.
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at the base of which to settle. After a few days the petiole begins to

swell at the point of attack and the gall gradually proceeds to form

about the growing louse. If the wrong species of poplar is selected by

the sexuparse for depositing the sexes, the fundatrix will hatch from

the winter egg but will not feed successfully on the foliage and finally

will die without having shown any appreciable growth.

I have bred a Syrphus (Pipiza pisticoides Will.) from a larva

found feeding upon the sexuals of this aphid.

The winged spring migrants (funditrigenia) in the latitude of San

Francisco may be found in the galls from May to November. The
alternate host-plant is as yet unknown to me.

Prociphilus fraxini-dipetaloe Essig

Pemphigus fraxini-dipetaloe Essig; Essig, Pomona College Journal of Entomology,

III, 3, Sept. 1911.

What I am inclined to consider as the sexuparse of this species were

taken under the bark of ash (Fraximis oregana) March 16, 1915. On
that date the sexuparse were all dead and dried up and nearly all the

winter eggs had hatched. The young reddish stem-mothers occurred

higher up on the tree either in cracks of the limbs or on the expanding

foliage and excreted much cottony substance. On March 26, many
of these stem-mothers were mature and were undoubtedly Prociphilus

fraxini-dipetalce, so that it would appear reasonably certain that the

dead sexuparous migrants below were of this species in spite of the

marked difference in antenna! characters between them and the winged

spring migrant. This difference in antennal structure between spring

migrants and fall migrants is very noticeable among the Pemphiginse.

The spring migrants of P. fraxini-dipetalce have been taken both on ash

and olive and occur almost all over California. They have joints III

and IV of the antennae sensoriated while the fall migrants from ash

bark have all 4 of the principal antennal joints with sensoria. From
the dried up specimens of sexuparse the following notes were taken:

Costal and subcostal veins black, prominent; other veins with rather

indistinct light brown smoky borders. Legs black. Thoracic wax
glands as in Prociphilus. Antennae III, .37 to .42 mm.; sensoria 14 to

17; lY, .18 to .27 mm.; sensoria 5 to 11; V, .19 to .23 mm.; sensoria 6 to

7; VI, .18 to .20 mm. (unguis .04 besides); sensoria 5 to 6. Length

of wings about 4 mm. Place of collection, Walnut Creek, Cal.

This species may perhaps prove synonymous with Prociphilus vena-

fuscus Patch.

Euceraphis gillettei sp. nov.

Winged viviparous female.—General color pale apple green. The majority of

individuals are quite bare but some of those of the later generations secrete a scanty

amount of greyish-white flocculence. Antennae much longer than the body, on frontal

3
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tubercles which are large and shghtly gibbous. The basal joint is also sUghtly gibbous.

The antennae are pale green in color with the articulations of joints III and IV, apical

thu'd of V, apical half of VI, and filament, blackish. Sensoria of joint III number 13

to 17. They are on basal thii'd, are transverse oval, elongate, and not placed so closety

together as in E. hetulce Kalt. Filament of VI about thi-ee-quarters as long as the

joint. Eyes red. OceUi rather large. Thoracic lobes and scuteUum hght greenish-

bro\\Ti. Wings rather narrow; stigma long and narrow; stigmatic vein deeply

curved; veins not as dark as in hetulce. Legs pale green; knees, tarsi and tibial apices

black or dusky. Anterior margin of femora mth a row of brownish spots, often coa-

MHA.STJREMENTS

Length Width

of body of body

Wing

expanse

Hmd
tibia

Beak
Cor-

nicles
Cauda

I. Stem-mother; Wahiut Creek, Cal.

Alnus rhomUfolia, March 23,

1915.

2.50 .74 2.55

2.52

.53 .106

.106

.22

2. Stem-mother; Wakiut Creek, Cal.

Alnus rhomUfolia, March 23,

1915.

2.51 9.24 .60 .141

.140

3. Second generation; Wabut Creek,

Cal. Alnus rhomUfolia, April

24, 1913.

2.45 .83 8.70 2.79 .62 .140

.131

.22

4. Second generation; Walnut Creek,

Cal. Alnus rhomUfolia, April

24, 1913.

5. Second (?) generation; San Jos6,

Cal. Alnus rhomUfolia, May
5, 1912.

3.64 .93 9.61 3.26

3.46

.68 .136

.136

.22

6. Generation (?); Colorado. Betula

fontinalis, August 1, 1909

(CP Gil'ette).

9.33 3.01

3.05

.67 .157

.136

.21

Anthem

I II m IV V VI Fila-

ment

Sensoria

(HI)

1.

.19

.18

.09

.09

1.37

1.34

.76

.73

.66

.63

.30

.30

.17

.18

16 -

15

3.

.25

.25

.11

.11

1.71

1.74

.96

.98

.80

.84 .34 .22

15

15

4.

1.72

1.67

.96

.97

.84

.87

.34

.34

.20

.20

14

15

5.

.24

.26

.105

.105

1.74

1.71

1.27

1.27

1.03

1.01

.41

.43

.31

.30

16

13

6.

.23

.24

.11

.11

1.71

1.71

1.16

1.16

.97

.99

•41
.

.41

.30

.31

17

16
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lescing. Basal third of tibiae with bro"^Ti or blackish margins. Abdomen narrow

without markings. Cornicles a httle longer than wide, sHghtly constricted in the

centre, the apex flaring and shghtly obhque to the somewhat enlarged base. Cauda

globular, longer than the cornicles, constricted in the centre. Cornicles and Cauda

concolorous with the abdomen. Anal plate indistinctlj^ emarginate. Cauda and

anal plate thickly beset with spines. Beak pale gi-een, tip black, reaching almost to

the second pair of coxae. Short hairs occm' on antennae, head and legs. On the sides

of some of my specimens on the thi-ee basal abdominal segments occurs a pair of

indistinct pale blunt tubercles sm-mounted by a spine. The stem-mothers are

v\dnged and their appendages are relatively shorter than those of later generations.

Pupa.—Similar in color to the winged female. Tarsi and articulations of antenna!

joints black. Long capitate spines occm- all over the body in rows. Three mature

specimens measure respectively 2.96 x 1.22 mm., 3.20 x 1.34 mm., 3.14 x .96 mm.

A narrow elongate species occurring in California on the under side

of the leaves of Almis rhombifolia Nutt., and in Colorado on Betula

fontinalis and Almis sp. For the Colorado specimens I am indebted

to Prof. C. P. Gillette who figured the antenna of this species in JouK-

NAL OF Economic Entomology, iVugust 1910, p. 370, under the name
of Euceraphis sp.

Eucallipterus flavus Davidson

Euceraphis flava Davidson; Journal Econ. Ent., Vol. V, No. 5, Oct. 12.

Oviparous female.—General color pale yellowish white. The individuals are some-

times slightly woolly but more often bare. There is a patch of silvery flocculence on
either side below the cornicles. The thorax and abdomen bear four longitudinal

rows of dusky subquadrate areas and of these the two central ones on abdominal

segments 4-8 inclusive are generally coalesced so as to form 5 rectangular areas.

Antennae on small frontal tubercles, longer than the body, pale with the articulations

blackish. Joint VI is shghtly longer than its filament. Cornicles black, much
^adened basally, .12 mm. long and constricted in the centre. Cauda pale yeUow,

globular, heavily beset with spines. Legs pale, the tarsi dusky. Hind tibia very

sHghtly enlarged, sensoriated. Anal plate not bifm-cid, beset with spines. Beak pale

with the tip dusky, reaching a httle beyond the second coxal pair. There are 6 rows

of indistinctly capitate spines dowTi the thorax and abdomen. The eighth abdominal

segment bears on its posterior margin 18 spines.

Collected in October 1913 and 1914 near Walnut Creek, Cal., on
leaves of Alnus rhombifolia Nutt.

The oviparous female is very elongate and appears to be quite

prolific as I have an example in the abdomen of which are 15 eggs of

mature size. The eggs are laid in small groups at the axils of the new
buds on the twigs or canes. They are sparsely clothed with silvery

flocculence in the same manner as pertains in the Mealy Plum-louse

(Hyalopterus arundinis Fab.).

Male.—General color pale whitish-yellow. This form like the winged viviparous

female is coated with a gray or bluish-gray flocculence. Antennal annulations dusky.

Antennae on large frontal tubercles, much longer than the body, the relative length

of the joints as in the oviparous female. Third joint with a large number of oval
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transverse sensoria. Prothorax bears 2 longitudinal dusky bands. Thoracic lobes

and scutellum black. On abdominal segments 2, 3, 4 and 7 occur on each a pair of

dusky blunt tubercles on the sides. Cornicles dusky, much widened basally and
constricted in the centre. Tarsi and apex of tibiae black, rest of legs pale. Wings
large, second fork of third discoidal midway between first fork and wing apex. Cauda
and anal plate pale, former globular and beset heavily with spines, latter emarginate.
Apical margin of seventh abdominal segment dusky. Beak as in the oviparous
female.

The male is immediately recognizable from the winged viviparous

female both by its smaller size and by the noticeable black thoracic

lobes. During October 1914, the sexes predominated over the aga-

mous forms and in the first half of November oviposition was in prog-

ress.

Measurements

Oviparous female Male
2.70 2.37 Leng-th of body
.94 .70 Width of body (max.)

7.69 Wing expanse

.120 .09 Cornicles (length)

.125 .13 Cornicles (width at base)

.11 .11 Cauda (length)

.13 .12 I—Antennae

.09 .09 II

1.06 1.35 III

.69 .99 IV

.60 .76 V

.33 .44 VI

.26 .32 Filament

1.71 2.39 Hind tibia

According to Professor Wilson's key of the Callipterini {Can. Ent.y

XLII, 8, August 1910), this species runs either to Euceraphis Walker,

or to Eucallipterus Schouteden. The broadened base of the cornicles

and the cleft anal plate are indications of the latter genus, while the

strong frontal tubercles and the lack of auxiliary ocellus-like tubercles

on the forehead appear to indicate the former. On the whole I am
inclined to place the species in the genus Eucallipterus.

Myzocallis pasanim sp. nov.

Winged viviparous female.—General color pale green mottled with patches of darker

green. Antennae sUghtly longer than the body, fine, hyaline, situated on moderate-

sized frontal tubercles; articulations black. Joint III bears on its enlarged basal

sixth 2 or 3 circular sensoria. Joint I, shghtly gibbous on its inner side. Eyes dark

red. Thoracic lobes and scutellum greenish-brown. Legs very pale green, extreme

base of all tibise and tarsi wholly black. Stigma pale green; at the base and apex are

ill-defined brown areas. Immediate bases of first and second discoidal and of stig-

matic vein clouded briefly brownish. Stigmatic vein visible for its enth'e length.

Mesothorax bears a pair of short conical tubercles. On abdominal segments 1 and 2

occur on each a pair of hyaline acutely conical tubercles, all four of which bear 3 spines.
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Western Plant Louse Structures
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Smaller and more blunt tubercles occur on the sides of segments 3 to 6 inclusive, but

these are not very obvious. Cornicles hyaline, ahnost twice as long as broad, some-

what constricted in the centre. Cauda globular, pale green, longer than the cornicles

and thickly beset with bristles. Anal plate deeply cleft, spinous, pale gi^een. Beak

pale, extreme tip bro^\'n, almost reaching the second pan of coxae.

The three pairs of dorsal tubercles in living specimens appear white.

The two abdominal pairs are about three times as long as the meso-

thoracic pair and of them the pair on the second segment is the longer.

In living examples the whole body has many delicate pruinose mark-

ings. The areas of darker green occur mostty about the base and

along the sides of the abdomen.

The insect is noticeably narrow-bodied and occurs on the under side

of the leaves of tan-bark oak {Pasania densiflora Oerst.). The pupa

is of the same color as the winged female, but is shorter and more

robust. Dates of collection and localities for the winged viviparous

female are as follows: Berkeley, CaL, June 12, 1914; Congress Springs,

Cal., November 6, 1914; Berkelej^ CaL, February 17, 1915. The tan-

bark oak is an evergreen tree.

Measurements; Length of body, 2.04 mm. to 2.60 mm. Max. width of body, .73

mm,, to .97 mm. Cornicles, .09 to .12 mm. Cauda, .17 to .19 mm. Wing expanse, 5.7

mm. Antennae I, .078 mm.; II, .05 mm.; Ill, .72 to .87 mm.; IV, .60 to .70 mm.;
V, .53 to .59 mm.

;
VI, .26 to .29 mm. Filament, .29 to .31 mm.

Macrosiphum heucherce Thomas

Siphonophora heucheros Thos. Thomas, 8th Rept. 111., Xox. Ben. Ins., 1880.

Apterous viviparous female.—General color dark reddish-bro\\Ti. Eyes red. An-

tennae and cornicles black. Cauda reddish-bro'^ii. Legs black, basal third of femora

and median portion of tibiae reddish-bro^-n. Antennae about equal to the body in

length, on shghtly gibbous frontal tubercles. Filament of VI longer than III; IV
and V subequal. Cornicles cyhndrical, imbricate but not reticulate. Cauda ensi-

form, twice as long as broad at base. Body sparsely armed with short hairs. Sen-

soria cncular tuberculate, about 26 on III, 7 on IV, 2 beside usual apical on V. One
specimen has the joints III to V inclusive all fused together. Measurements : Length,

2.13 mm. Max, width (3d. abd. seg.), 1.00 mm. Hind tibia, 1.64 mm. Cornicles,

.34 mm. to .40 mm. Cauda, .233 mm. Beak, .58 mm. Antennae III, .53 mm.; IV,

.355 mm.; V, ,355 mm.; VI, .12 mm. Filament, .70 mm. Beak reaches beyond
second coxae.

Winged viviparous female. General color dark green. Wing insertions and iU-

defined spots on the sides of the abdomen brick-red. Disk of abdomen with a large

dusky spot. Head, thorax and cornicles black. Antennae black, base of III green.

Cauda reddish-bro^-n. Eyes dark red. Stigma gray, long and narrow. Legs

black, basal foiuth of femora and tibiae except the apex pale greenish-yeUow. Anten-
nae on frontal tubercles a httle exceeding the body in length, filament longer than III,

IV and V subequal. Cornicles cyhndrical. Cauda ensiform. Beak reaching to

middle coxae. Sensoria circular tuberculate, about 39 to III, 22 on IV, 7 on V. One
specimen has the antennal joints III, IV, V fused together so that the articulations

are not discernible. Measurements: Length, 2.18 mm. Max. width (thorax) .83
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mm. Expanse of wings, 7.00 mm. Hind tibia 1.64 mm. Cornicles, .30 mm.
Cauda, .19 mm. Beak, .56 mm. Antenna III, .58 mm.; IV, .37 mm.; V, .365; VI,

.125 mm. Filament, .81 mm.

The newly-hatched young are pale yellow. '

Oviparous female.—Wingless, general color Hght red. Legs and cornicles dusky

yellowish-gray. Cauda pale yellowish-gray, shaped as in viviparous forms. Antennae

dusky gray, joints I and II and base of III pale yellow, on slightly gibbous frontal

tubercles. Joint I sUghtly gibbous on inner surface. Eyes dark red. Body sparsely

armed with short pale hairs. Anal plate rounded, hairy. Hind tibiae somewhat
swoUen for then- basal two-fifths and bearing in that portion numerous small circular

sensoria. Cornicles imbricate. Sensoria of antennse circular tuberculate, about

20 on III, 4 to 11 on IV, usual apical on V. While the female is egg-laying she be-

comes darker in color and old examples are quite reddish-brown hke the apterous

vivipara. Measurements: Length, 1.56 mm. to 2.04 mm. Max, width (3d abd. seg.),

.93 mm. Hind tibia, 1.28 mm. Cornicles, .31 mm. Cauda, .17 mm. Beak, .545

mm. Antennae III, .35 mm. to .43 mm., IV, .21 mm. to .29 mm.; V, .215 mm. to .245

mm.; VI, .07 mm. to .12 mm. Filament, .533 to .763 mm. (The measurements for

length of body and antennal joints give variation between largest and smallest

examples; the other measurements are averages.)

The 'Svinter" eggs I have found laid on the flower-stalks of Heuchera

hartwegii Dougl. They are at first pale yellow, later becoming jet

black, shining. They were being deposited May 25, 1914.

Male.—Winged, general color variable, dark reddish-brown to dark gi'een. Much
black is on the disk of the abdomen. Head, thorax and antennae (except base of III)

black. Legs with more pale color than in the winged vivipara. Otherwise like the

winged female but smaller. Antennae on somewhat gibbous frontal tubercles, much
longer than the body, filament relatively longer than in the other forms. As in the

winged female, the second fork of third discoidal vein is slightly nearer to the apex of

the wing than to the first fork. All tibiae slightly enlarged apically. Sensoria

circular tuberculate, 27 to 38 on III, 12 to 19 on IV, 9 to 13 on V. Beak reaches

second coxae. Measm-ements : Length, 1.55 mm. Max. width (thorax), .55 mm.
Expanse of wings, 5.52 mm. Hind tibia, 1.44 mm. Cornicles, .22 mm. to .27 mm.
Cauda, .125 mm, to .156 mm. Beak, .564 mm. Antennae III, .48 mm. to ,61 mm.;

IV, .34 mm. to .38 mm.
;
V, .37 mm. to .385 mm.

;
VI, .12 mm. to .14 mm. Filament,

.85 mm. to .94 mm. (first four measurements average of 4 individuals).

A rather small, long-legged, dark-colored species frequenting the

flower stalks of Heuchera hartwegii Dougl. All forms were taken May
25, 1914, at Redwood Canyon near Walnut Creek, Cal. Thomas took

this species at Sauk City^ Wisconsin, on Heuchera hispida.

Explanation of Plates 26, 27

1-3. Thecdbius populicaulis . 1. Male (ventral view). 2. Sexed female (ventral

view). 3. Sexupara, antenna.

4. Prociphilus fraxini-dipetalce; Sexupara, antenna.

5-7. Euceraphis gillettei; alate viviparous female. 5. Antenna, 6. Cornicle

(showing variation) . 7. Cauda and anal plate.

8-10. Eucallipterus fiavus. 8. Alate viviparous female, cauda and anal plate.
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9. Oviparous female (left side appendages removed). 10. Oviparous female,

cornicle (enlarged).

11-20. Macrosiphiim heucheroB. 11-13. Apterous viviparous female. 11.

Head and antenna. 12. Cornicle. 13. Cauda and anal plate. 14-16. Alate vivipa-

rous female. 14. Antenna. 15. Cornicle. 16. Cauda and anal plate. 17-20.

Oviparous female. 17. Head and antenna (showing abnormal coalescence of joints

ni-V). 18. Cornicle. 19. Cauda and anal plate. 20. Hind tibia.

21-25. Myzocallis pasanice. 21. Head and base of antenna. 22. Cornicle. 23.

Cauda. 24. Anal plate. 25. Pair of tubercles on first abdominal segment.

Figs. 1, 2. Eyepiece 2, obj. 2/3 (tube drawn out to 160).

Figs. 5, 9. Eyepiece 2, obj, 2/3.

Figs. 21-25. Eyepiece 1, obj. 2/3 (tube drawn out to 170).

Figs. 3, 4, 6, 7, 8, 11-20. Eyepiece 1, obj. Vs.

Fig. 10. Eyepiece 2, obj. \/6.

Scientific Notes

Cotton Moth {Alabama argillacea Hubn.). The moths were observed in Kent,

Ohio, in large numbers September 23, 1914, following several days of warm weather

with a strong south wind. This weather condition was produced by a high area that

hung over the central Atlantic coast for some time, causing the storms to be deflected

to the north through Canada instead of following their usual course. The moths

were so abimdant on this date, the time of their initial appearance for the season, as

to almost cover portions of telegraph poles upon which they were resting.

Smaller flights were observed on two or three other nights though the dates were

not recorded except that for October 16, a time when wea,ther conditions were similar

to those described for September 23. On each of the other occasions, the moths ap-

peared after a period of south winds.

The flight at Kent, Ohio, was nowhere near as abundant as one observed at Bata-

via, X. Y., during the fall of 1912 and indu-ectly recorded through an article pubhshed

in the local paper. R. W. Bil^ucher.

The Cabbage Curculio {Ceutorhynchus rapce Gyll.) Injuring Radishes. During

the last two weeks of April a number of reports reached the department of entomology

of a small snout beetle seriously injiu-ing radishes. Several of the inquiries were

accompanied by the insects. On other occasions the injm-y was investigated by men
of the department. In most of the instances it proved to be the cabbage curcuho

{Ceutorhynchus rapce). On some occasions as many as a dozen beetles were found

around the stem of a single plant, and in several cases they were found feeding on the

root an inch beneath the surface of the soil. The beetles were taken in several gar-

dens from iManhattan on east as far as Kansas City. They were also found at Atch-

son, Kansas. In many cases the early radishes were completely destroyed.

Geo. a. Dean,
Entomologist, Kansas Experiment Station.

Radishes Seriously Injured by Flea Beetles. Over a considerable portion of

the eastern third of Kansas, the early radishes were very seriously injured by the

striped tiunip flea-beetle {Phyllotreta vittata Fab.) and the western cabbage flea-

beetle {Phyllotreta pusilla Horn). In many instances they appeared in unusually

large numbers and the radishes were entirely destroyed within one or two days. In

most cases the turnip flea-beetle was more abundant than the other. The work of

both species was confined principally to the succulent stem just at the surface of the

ground, causing the leaves to dry up and die. In some cases they also fed on the

leaves, especially where the plants were an inch or more in height. Some of the

truck growers report that the second and even the third plantings were destroyed.

Geo. a. Dean,
Entomologist, Kansas Experiment Station.
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Progress on the Manual of Dangerous Foreign Plant Pests. At the Cleveland

meetmg, December 1912, a resolution was passed by the American Association of

Horticultm-al Inspectors (now a section of this association) "that a pubhcation be

issued giving brief illustrated accounts of (1) the various dangerous insect, fungous

and other enemies of vegetation liable to be introduced on nursery stock or other

plant products, (2) similar pests aheady present in portions of this country and which

may be spread on plant products.

"

A committee was appointed to take up this matter with the Federal Horticultural

Board and this committee reported at the Atlanta meeting, December 1913, that

the Bureau of Entomology had imdertaken the work at the request of the Federal

Horticultural Board.,

The news letter of the Bm-eau of Entomology for May states that this manual is

now rapidly approaching completion. It is intended to serve as a guide for inspectors

and field entomologists to the insects liable to be brought into this countrj- on foreign

nursery stock. It wiU surely be welcomed by aU engaged in the work of inspecting

imported stock and we await its appearance with great interest. W. E. B.

A Breeding Record by Anthrenus verbasci Linn. The following record is of inter-

est because it shows the tenacity of hfe exhibited by certain insects under adverse

conditions. April 4, 1902, two ears of corn infested by this insect were received and
placed in a two-quart Mason jar and kept tightly closed. There was no moisture

aside from that in the somewhat dried com. Breeding continued uninterruptedly

and at the end of seven years, namely, April, 1909, the bottom of the jar was nearly

covered with fine, white, globose particles, apparently starch grains falling from the

eaten kernels of corn and a thick mass of the brown larval skins and other debris. An
examination of this same jar June 14, 1915, revealed, after some search, one hving

grub although the insects were distinctly less abundant than six years ago. On this

latter date there was a distinctly pungent odor to the contents, somewhat suggestive

of acetic acid and a marked increase in the masses of brown, apparently webbed-

together exuviae and other organic debris, some of these having a diameter of over an

inch. There was fuUy a half cupful of powdered com and corn cob dust. AU of the

material was returned to the jar and the breeding is being continued without the

addition of any moisture. E. P. Felt.

Liqiiid Excretion by Dreeculacephala reticulata. While studying the habits of

this Jassid it was noticed that the method of excretion was in some respects quite

different from that of the "Sharp Shooters," as described in Insect Life, Vol. V,

pp. 150-154. In the case of reticulata, nymphs of all instars as well as adults excrete

the drops of Hquid in a similar manner, though the drops are of course smaller in the

earlier nj'mph stages.

These small drops of water-like hquid, voided from the tip of the abdomen, re-

mained poised for an instant, and were then flipped off in whichever direction the

tip of the abdomen happened to be pointed. The excretion usually takes place

while the insect is feeding, the rate at which the drops form varying considerably.

Each drop is cast off with such speed that it is difficult for the eye to follow. When
caught on a shde or on cotton they evaporate quite rapidly. Several drops were

caught on absorbent cotton on which they retained then original spherical shape.

The discharge ceases when the insect is disturbed and there is no indication of an

effort to throw it in the direction of the intruder.

At a temperature of 70° F. the drops from thi'ee adults, two females and one male,

were counted for periods of five minutes. The result was 168 drops for the male

and 225 and 281, respectively, for the females. The di-ops vary slightly, averaging

.45 mm. in diameter, so at this rate each individual excretes about 4 cubic mm.
per minute. W. H. Larrimer, Bureau of Entomology,

Cereal and Forage Insect Investigations, U. S. Department of Agriculture.
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A Ciirious Feeding Habit of Chrysopa rufilabris Burm. Last fall while collecting

locaUy at Lafayette, Indiana, a chrysopid larva was noticed on a leaf of Cynoglossum

officinale forcing its long slender mandibles through the epidermis into the burrow of

a leaf miner. On closer observation it was seen that the larva was energetically

bent on impaling the maggot-hke leaf miner on its mandibles. The mandibles were

thi'ust into the leaf repeatedly, the insect bending its head and body in all directions

as it probed in its efforts to reach the miner. Finally the miner was cornered in its

burrow and sucked dry by the larva. A number of similar mined leaves and miners

were collected and the adults obtained from them were identified by Dr. J. M.
Aldrich of the Bureau of Entomology as Agromyza jucunda Vdw. The chrysopid

larva was brought into the laboratory and fed on aphids found on cabbage until it

reached maturity and spun its cocoon. The adult obtained was very kindly deter-

mined as Chrysopa rufilabris Burm. by Mr. Nathan Banks.

Daniel G. Tower, M. S., Scientific Assistaiit, Bureau of Entomology,

Cereal and Forage Insect Investigations, U. S. Department of Agriculture.

Notes on an Uncommon Blistsr Beetle. On the afternoon of April 18, 1915,

I was inspecting the bloom in a thi'ee-year-old plum orchard at my place in Brown
County, Indiana, when I discovered that the trees were covered with a blister beetle

that was unknown to me.

This form was subsequentlj^ taken to my house and identified as Pomyhoyma cenea.

It is listed in Blatchley's Coleoptera of Indiana as being a rare species taken by him
in only two counties.

The beetles were eating the entu'e substance of the flowers of the plum and were

more numerous on the Burbank than on any other sort. This perhaps on account of

the fact that the Burbank blooms earlier than the varieties with which it was planted.

On one tree over two hundred beetles were counted and their destructive work was

incredibly rapid. They would attack a brajich loaded with bloom and eat it up before

my eyes in the space of a very few minutes. They seemed to eat first the petals of

the flower and then rapidly consume aU of the flower parts down to the petiole.

I immediately ordered out a spray machine and within an horn' after I first noticed

the beetles we had sprayed the trees with lead arsenate at the rate of three pounds to

fifty gallons of water. An inspection on the morning of April 19 indicated that the

spray appHed the day before had not seriously inconvenienced the pests. A few

dead beetles were found under the trees but their numbers were not noticeably

lessened.

We then sprayed the trees again using five pounds of arsenate of lead to fifty gal-

lons of water and we added one pint of Black Leaf 40 to each fifty gallons of the mix-

ture. Twenty-four hours later not a beetle could be found on the trees although

there were some dead ones on the ground under the trees.

Not finding many dead beetles leads me to believe that the tobacco acted as a

repellant and that the beetles simply moved on to other pastures—although so far I

have heard no complaint from my neighbors.

The beetles destroyed the entire crop of Burbank and seriously damaged the bloom

on the America and Red June plums.

On the same date that I first observed the beetles on our trees my former chief

deputy, Mr. Frank Wallace, found them feeding on the bloom of plum trees (variety

not given) in his brother's orchard in Morgan County. This locahty is about fifteen

miles northwest of my place.

The Uterature on this pest seems to be very scant and I would like to hear from any

one who has had a similar experience to mine.

Benjamin W. Douglass, Trevlac, Ind.
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Scientific men and the parties they serve are both coming to recog-

nize more full}^ the need of studying field conditions and watching the

outcome of remedial or control measures. This is one of the encourag-

ing signs of the times and means a more practical turn to economic

or applied entomology. Federal and state agencies are so well dis-

tributed throughout the country, that an important insect outbreak

does not remain undiscovered long. Usually several investiga-

tors are in the field before serious damage has been caused. In cases

of outbreaks by well-known insects, demonstrators of one kind or

another are available to show the farmer just how to fight the pests

effectively and in case of necessity they may take the lead. The work

of the demonstrator is exceedingly important because entomology

becomes economic onty in proportion as it is used. The mere posses-

sion of adequate knowledge is not sufficient. It must be successfully

appfied in saving the crop. Directions, though most lucid, are not

always correctly interpreted and the advisor usuallj^ must bear the

blame. On the other hand, successful demonstrations cannot be

disputed. The method is open to examination and the practical

man finds it relatively easy to check up and ascertain the error, if

one exists. Demonstrational agencies have greatly increased in

recent j^ears. There are some entomologists who give much time

to work of this character. Nursery inspectors are available for this

purpose to some extent at least. The recent great development of

the farm bureau work has resulted in a large increase in men possessing;

in most cases, both scientific training and practical experience. The}^

are peculiarly adapted to serve as intermediaries between the investi-

gator and the agriculturist. The}^ handle the simpler cases with little

or no professional assistance and they are coming, on the other hand,
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to appreciate the value of the entomologist in solving the more difficult

or unusual problems. The demonstrator is a valuable aid to progress

though it never should, be forgotten that successful demonstration

must rest upon a substantial foundation of ascertained facts.

Obituary

Mr. Harry M. Russell of the Bureau of Entomology died at the

home of his father,W. C. Russell, at Phoenix, Ariz., June 25. He was born

in Bridgeport, Conn., March 30, 1882, was graduated from the Bridge-

port High School in 1901, and from the Massachusetts Agricultural

College in 1906 with highest honors. He then entered the service of

the Bureau of Entomology of the United States Department of Agri-

culture, as entomological assistant and was assigned to work on truck

crop insects under Dr. F. H. Chittenden. He pubhshed several papers

in this Journal, and in bulletins and circulars of the Bureau, showing

the results of his work. He was an active member of this Association

and frequently attended its meetings. In 1913 he went to Arizona

for his health. In his death his fellow-workers realize that the subject

of economic entomology has suffered a distinct loss. A widow and

several children survive.

W. E. B.

Observation on Drinking of Rhogas in Confinement. An adult female Rhogas

ierminalis was put in a few drops of water to dissolve feeding-syrup from her tarsi

(an unusual matter, as syrup is not used at the Hagerstown, Maryland station,

but honey-water, through the vehicle of a piece of saturated sponge) . The abdomen
of the female was not normall}^ rounded out, but as soon as she touched the water

she became absolutely still, and it was at once noticed that she was engaged in drink-

ing. There was a perceptibly regular pulsation of the water for a period of at least

five minutes, during which time no member of the female's body moved. At the

end of this period she crawled out of the water with the abdomen properly distended.

W. E. Pennington, Assistant, Bureau of Entomology,

Cereal and Forage Insect Investigations, U. S. Department of Agriculture.
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Current Notes

Conducted by the Associate Editor

Mr. E. A. Yaughan has succeeded G. W. Ells as field assistant in entomology' at

the Alabama Station.

]Mr. T. H. Parks has resigned as field entomologist of the Idaho Station to engage

in private work.

According to Science, ]Mr. H. Scott, of Trinity College, Cambridge, has been

appomted cm'ator of entomology in the University.

]Mr. A. H. Hollihger, assistant in entomology, has been made deput}' inspector of

nm-series at the ^Missouri University and Station.

Dr. Frank L. Thomas has been appomted assistant professor of entomology and

assistant entomologist at the Alabama College and Station.

Mr. H. J. Reinhard, a recent graduate of the Ohio State University, has been ap-

pointed assistant in the nm'sery inspection work in Iowa.

Professor J. G. Xeedham has been elected president, and Professor O. A. Johann-

sen, treasurer, of the Alpha Chapter of Sigma Xi at Cornell University.

Dr. L. 0. Howard, Chief of the Bui-eau of Entomology^, planned to visit certain

field stations of the bm-eau during July and August, especially in the far West.

Dr. A. H. ]\IcCray, Bui-eau of Entomology-, planned to transfer his work on bee

diseases to the Drummond Laboratory about July 1.

Mr. L. P. Rockwood, Bm-eau of Entomology, has returned to his field station

from an investigation of aKalfa insects in the Yakima YaUey, Wash.

Mr. J. J. Davis, Bureau of Entomology, has returned from a trip of investigation

of Lachnostema through Wisconsin, northern and southern Michigan.

Mr. W. R. Walton, of the Bureau of Entomology, has investigated an outbreak

of chinch bug in western Yirginia.

JNIr. James A. Hyslop, of the Hagerstown laboratory. Bureau of Entomology, has

investigated wireworm outbreaks in Xew Jersey and Xew York.

Mr. P. R. Myers, of the Hagerstown station. Bureau of Entomology, has investi-

gated the Hessian fly situation in Pennsylvania.

]Mr. W. S. Fisher, Bureau of Entomology, has just returned from Harrisbm^g, Pa.,

where he is carrying on investigations of the hickory bark beetle.

Prof. G. W. Herrick, of Cornell University, visited Louisiana during June to hispect

the work on the boll weevil and on malaria mosquitoes.

Mr. Max Kisliulv, Jr.. has been appomted a temporary field assistant. Bureau of

Entomology-, and detailed to investigate the house fly at Drummond, ]Md.

According to Science, Joseph Farrigan, mining engineer and entomologist, and at

one time a co-worker with C. Y. Riley, died at his home in St. Louis, May 9, aged

58 years.

Mr. Harrison E. Smith, of the Springfield, Alass., station of the Bm-eau of Ento-

mology^, has already begun grasshopper investigations in Yermont and New Hamp-
shire.
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^Iv. T. J. Talbert, extension entomologist at the Kansas Agricultui'al College, has

been appointed extension assistant professor of entomologj^ at the Missoui'i Univer-

sity and Station.

According to Science, Dr. Cornehus Betten has resigned the professorship of biology

in Lake Forest College to become secretary of the College of Agi'iculture in Cornell

University.

The investigation of insects affecting shade trees and hardy ornamental shrubs

has been assigned by the chief of the Bureau of Entomology to the Forest Insect

Investigations branch.

^Messrs. S. A. Rohwer and A. B. Gahan of the Bureau of Entomology visited

Quebec, Can., Amherst, IMass., and New Haven, Conn., in June to examme speci-

mens in the insect collections there.

Mr. George S. Demuth, Bm-eau of Entomologj^, visited Winchester, Va., recently

to assist the county agent there in establishing apiaries in two county schools. Inter-

est in beekeeping among farm demonstrators is increasing.

An experimental apiarj^ was started this spring at the Iowa Agricultural Experi-

ment Station at Ames. The work in apicultm-e at this station is under the imme-
diate charge of Professor C. E. Bartholomew.

According to Science, ]Mr. H. J. Quayle has been promoted to a fuU professorship

of entomology' in the citrus experiment station and graduate school of tropical agi'i-

culture of the Univei-sity of Cahfomia.

Dr. Hermon C. Bumpus, formerly professor of zoolog}' in Brown University, and

afterwards director of the American Museum of Natm-al History, was formally in-

stalled as president of Tufts College, .June 12.

Science, under date of June 4, stated that Professor R. Xewstead of the Liverpool

School of Tropical Medicine, is in France, prosecuting entomological investigations

from the point of view of mihtary sanitation.

]Mr. Joseph J. De Gryse was appomted field assistant in the Bureau of Entomology,

March 1, and assigned to work at the Falls Church, Va., station. He is assisting

Mr, Heimich in forest Lepidoptera.

Mr. E. W. Rust, Bureau of Entomology, recently returned from a visit to Cali-

fornia. In addition to assisting in inspection work for the Federal Horticultural

Board, Mr. Rust is devoting considerable time to the unarmored scales.

The following temporary field assistants have been appointed in the Bureau of

Entomolog^' and detailed for investigations of tobacco insects: Messrs. J. U. Gil-

more, K. B. ]McKinney, A. D. Bosley, J. E. McMurtrey, and J. D. Smith.

Professor Vemon L. Kellogg, of Stanford University, sailed for Liverpool on May
29 to join the commission for rehef in Belgium, and intends to spend the summer
there in volunteer work for the commission.

Mr. ^Y. O. EUis spent the summer in the insectary at the Iowa Agricultural Ex-
periment Station at Ames. After September 15th he vvill be at the New York State

School of Forestry at Syracuse as instructor in Forest Entomology.

Messrs. E. K. Bynum and W. B. WiUiams have been appointed temporary field

assistants in the Bureau of Entomology and detailed for the investigation of the

cotton boll weevil.
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Mr. A. B. Duckett, scientific assistant, Bui-eau of Entomolog}', has just retui-ned

from a trip in New Jersey, where he has been investigating insects injmious to

strawberries.

Mr. F. R. Cole, scientific assistant, Bui-eau of Entomology, a graduate of Pomona
College, Cal., formerly located at Pasadena, CaL, has been transferred to Washing-
ton, D. C.

Dr. C. P. Gillette, dii^ector, Agiicultm-al Exi^eriment Station, Fort CoUins, Colo.,

whose name is widely known as a spaciaUst on aphides, leafhoppers, and related

groups, has been appointed collaborator of the Bm-eau of Entomology.

Mr. G. E. Bensel, for several j^ears interested in practical entomology, has been

appointed as collaborator of the Bm-eau of Entomology", engaged in sugar-beet

insect uivestigations, with headquarters at Oxnard, Cal.

Mr. T. D. Urbahns, of the Pasadena field laboratory, Biu-eau of Entomology', is

looking after serious outbreaks of grasshoppers in the San Joaquin and Sacramento

VaUeys, Cal.

The present spring has witnessed an unusual outbreak of Galerucella cavicolUsf

which has been many times reported from Pennsylvania. Xew York, West Vnginia>

Michigan, and elsewhere, and has been especially injm-ious to cherrj' as well as peach-

J\Ir. John B. Gill of the ]\Ionticello, Fla., laboratory, Bm-eau of Entomology, has

just completed a torn- of investigation of pecan insects, visiting points in ^Mississippi

and Louisiana.

Mr. A. B. Champlain, Bm-eau of Entomology, has been transferred from the

field station at Colorado Springs, Colo., to the station at East Falls Chm-ch, Va.,

where he will continue his studies of beneficial forest Coleoptera.

Mr. Carl Heim-ich, Bureau of Entomology, has just retm-ned from a two weeks'

torn- in New York and Pennsylvania of investigations of the Em-opean pine-shoot

moth {Evetria huoliana) and an outbreak of cankerworms.

Mr. Dwight Iselj, Bureau of Entomology^, who spent the whiter months m Wash-

ington for the pm'pose of makhig bibliographical records on grape insects, has returned

to his field station at North East, Pa., to resume his duties in comiection with grape-

insect investigations.

Mr. F. B. Milliken and Mi. F. yi. Wadley, of the Bureau of Entomology, have

found it advisable to remove then headquarters, formerly at Garden City, Kan.,

and will estabhsh new quarters at Wichita, Kan., where more attention can be given

to insects mjmious to stored grains, cereals, and other stored products.

The beekeepers of Iowa, IlUnois and ]\Iissoim will join in holdmg a field meeting,

Tuesday, September 7, at the Dadant apiaries, Hamilton, 111. An inspectors' con-

ference wiU be held the following day, across the river at Keokuk, Iowa, and ]Mr.

Frank C. Pellett, state apiarist of Iowa, will have charge of the program.

Mr, George G. AinsHe, Bm-eau of Entomology, is investigating various species

of Crambidae, which seem to be doing a great deal of damage in the cornfields the

present year, making a trip through the states of iMissomi, Kansas, Nebraska, South

Dakota, Minnesota, Illinois, and Iowa.

Dr. Hemy Fox and Mr. W. T. Emery- of the Bm-eau of Entomology, are awa}*

from their field stations at CharlottesydUe, Ya., investigatmg outbreaks of the south-

ern corn rootworm (Diahrotica 12-putictata) and the sugar-cane beetle (Ligyrus

rugiceps) in southern Yirgiaia.
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Mr. C. X. Ainslie, of the Elk Point (S. D.) station, Bureau of Entomology, is on

an extended trip through Nebraska and Iowa investigating the peculiar Hessian

fly conditions that exist in those locahties, cooperating in Iowa with R. L. Webster,

entomologist in charge at the Iowa Experiment Station.

Mr. Fred E. Brooks, Bureau of Entomology, has recently returned to his head-

quarters at French Creek, W. Va., from an extended trip thi'ough the South in con-

nection with studies of the distribution and destructiveness of various species of

apple-tree borers, especially Saperda Candida.

Messrs. R. L. Xougaret and W. ]M. Davidson, of the Walnut Creek laboratory,

Bureau of Entomology', in Cahfornia, will be in attendance at the International Con-

gress of Viticulture, convening in San Francisco in connection with the Panama-

Pacific Exposition, and wiU present a paper on the grape Phylloxera in California.

With the cooperation of Mr. A. F. Burgess, in charge of moth woiiv. an effort is

being made to introduce Calosoma sycojphanta into certain apple-growing regions in

the West. It wiU also be introduced in orchard-gi'owing locahties in the Alleghany

Mountain region.

An interesting and important addition to the knowledge of the hfe-history of the

brown grape aphid, Macrosiphum viticola, was reported in Science, Vol. 41, n.s., No.

1066. by Messrs. A. C. Baker and W. F. Turner, Bureau of Entomology. Yihurnum

prunifoUum was found to be an alternate food plant on which the insect winters.

Dr. A. D. Hopkins, Bureau of Entomology, has spent about ten days at Kanawha
Station, W. Va., in connection with experimental work on insects affecting rustic

work, a continuation of hfe-history studies on trap trees and general field work on

forest insects.

Mr. G. A. Runner, Bureau of Entomology, has closed his laboratory at Richmond,

Va., and wiU hereafter be stationed at ClarksviUe, Tenn. He made a short trip to

Schenectady, N. Y., in connection with the tests of X-ray control of the cigarette

beetle.

Mr. H. L. Sanford, inspector of the Federal Horticultural Board, recently detected

a severe infestation of Targionia harti (Ckll.) on yams from the Philippine Islands.

This scale insect has also been previously taken on tubers received from the West
Indies.

Mr. R. A. Cushman, Bureau of Entomology', who spent the winter months in the

Xational ]Musemn, in systematic work on parasites of deciduous fruit insects, has

returned to his headquarters at Xorth East, Pa., to resume his investigations in con-

nection with parasites of the grape berry moth and other parasites of deciduous fruit

insects.

Mr. V. L. Wildermuth, Bureau of Entomology, is on a trip of investigation thi^ough-

out northern Arizona, making ob.servations on the distribution and work of Choetocnema

ectypa and Languria mozardi, the former being quite destructive to corn and other

crops, while the latter has been found much more destructive to aKalfa than in the

eastern portion of the countrJ^ Other insects will also claim his attention.

Mr. H. B. ScammeU, Bureau of Entomology, engaged in cranberry insect investi-

gations with headquarters at Pemberton, X. J., reports imusual abimdance and
injury from the so-caUed cranberry tipworm, Dasyneura vaccinii, in cranberry bogs

in that state. Careful biological studies are in progress, as well as experiments mth
remedies.

4
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^Ir. E. H. Siegler, Bureau of Entomology', with headquarters at Grand Junction,

Colo., reports very heavy damage to fruit in the Grand Valley by late spring frosts.

Orchards have been found, however, vrith. sufficient fruit to permit of experimental

spraying for the codling moth, and there is abundant material of this species for hfe-

history studies.

The following temporary field assistants have been appointed in the Bureau of

Entomolog}' and detailed for investigations of tobacco insects: Messrs. D. M.
DeLong, Charles Hauck, F. C. Liles, Frank G. Sorrels, Oakley M. Shelby, Mack S.

Linebaugh, Samuel F. Grubbs, Carl A. Wickland, Richard K. Catlett, and Walter

C. Xagle.

A new quarantme inspection house is nearing completion in the Mall near the corner

of Twelfth and B Streets N.W., Washington, D. C. In the future all nursery stock

addressed to the Department of Agriculture will be delivered to this house for inspec-

tion, and, if necessary, will be grown in quarantine in a tightly screened greenhouse

constructed for this purpose.

Mr. A. H. Jennings, Bureau of Entomology, who has been in New York City for

some months with the Thompson Pellagra Commission, has gone to Mound, La.,

where he will be associated with Dr. D. L. Van Dine in the investigation of malaria

mosquitoes. The work of the Bm-eau of Entomology^ on pellagi*a has been discon-

tinued.

Mr. P. H. Timberlake, of the Salt Lake City laboratory. Bureau of Entomology^,

in Mr. Rockwood's absence, is being assisted by IMr. Bevan, a temporary appointee

from Colorado, in the distribution of the CanidieUa parasites of the alfalfa weevil.

Colonies of this parasite have been estabhshed at Mm-ray, Salt Lake, Ogden, Kays-

ville, and Taylorsville, and it is planned to place additional colonies at HoUiday,

Provo, Logan, Brigham, and Park Citj.

Mr. W. D. Pierce, Bureau of Entomology, made a short trip during June to Atlanta,

Ga., for a conference with the State Entomologist, and Thomasville, Ga., to arrange

for cooperation experiments between G. D. Smith of the Bureau of Entomology,

and the Georgia State Board of Entomology, and to Clarksville, Term., for a con-

ference with the men engaged in tobacco-insect investigations. He also visited

various points in the boll weevil infested territory.

The Alabama Polytechnic Institute has conferred the degree of Doctor of Science

upon Altus Lacy Quaintance in charge of Deciduous Fruit Insect Investigations in

the U. S. Bureau of Entomology. Dr. Quaintance was at one time a student at this

Institution, taking his Master's degi'ee therefrom. This is the first Doctorate of

Science conferred by the Institution and bears testimony to the high quahty of the

scientific work which has been done by Dr. Quaintance.

A new insectary building 19 by 25 feet is just bemg completed for the branch of

truck-crop and stored-product insect investigations of the Bm'eau of Entomology.

In addition to a spacious outside insectary for housing breeding material, the build-

ing will furnish laboratory headquarters for stored-product insect tests, and a num-

ber of effective apphances for testing methods of eliminating stored-product insects

from prepared cereals and other materials infested by them are being installed.

Among the temporary appointees in the Bureau of Entomology who commence

their work in June, are the following: J. H. Newton, of Ai'izona, who will be attached

to the laboratory at Tempe, Ai'iz.; George R. Bailey will be attached to the labora-

tory at Gainesville, Fla.; J. H. Hart to the laboratory at Lafayette, Ind.; Eugene
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Craighead to the laboratoiy at Hagerstown, Md. ; W. B. CartwTight to the laboratory

at Xash^Tlle, Term.; Miss Helen Atwood to the laboratory at Charlottesville, V"a.;

Lloyd Cortelyou to the laborator\' at Wellington, Kan.; Miss Sally Hughes to the

laboratory.- at Forest Grove, Ore.; and Manning Moody to the laboratory at Charles-

ton, Mo.

A mosquito drainage law was passed by the last session of the Connecticut legis-

lature, without appropriation, placing the work in charge of the dii-ector of the State

Agricultural Experiment Station, who may approve work done by voluntary- con-

tributions. It is hoped that an appropriation will be made by the next legislature.

New York State has also enacted laws permitting the counties of Kings, Queens,

Richmond, and Bronx to inaugurate mosquito improvement work, the costs and

benefits to be determined and certified to the assessors by the boards of health.

Attempted mosquito legislation in Massachusetts has failed at the last two sessions

of the general assembly. Thus progress along this line comes slowly though surely.

Mr. E. R. Sasscer, chief inspector of the Federal Horticultural Board, recently

conducted some very interesting hydrocyanic-acid gas vacuum fumigation experi-

ments with 30 bales of Egj-ptian cotton supplied by various Xew England cotton

mills. The results of these tests indicate that the gas penetrates throughout the

entire bale, and, in fact, adults of the common bean weevil (Bruchus obtectus Say),

adults of the rice weevil {Calandra oryza L.), and larvae of the clothes moths were

killed at various points in the bales. This cotton has been returned to the mills,

and is now being put through various milling tests in comparison with unfumigated

cotton of a similar grade. All fumigated bales have been examined for residual

gas, with the result that about five ten-miUionths of a gram could be detected in each

bale by the use of a very dehcate test.

During, the month of ^lay a conference was held at Washington between repre-

sentatives of the Bureaus of Animal Industry and of Entomology to discuss the proj-

ect relating to the control of the house-fly and other insects in estabhshments operat-

ing under the meat inspection act, which was recently approved by the Secretary.

Messrs. Bishopp and Laake of the Dallas laboratory attended this conference. Imme-
diately thereafter these men, in company with Mr. Shaw, sanitary engineer of the

Bureau of Animal Industry, visited the meat-packing establishments at Chicago,

Kansas City, St. Louis, Forth Worth, and Dallas. ]Many interesting observations

were made and a report has been submitted which will be placed in the hands of the

inspectors of the Bureau of Animal Industry- for their guidance in preventing the

breeding of flies.

In connection with the Eastern Station of the Bureau of Entomology- at East Falls

Church, Va., there has been estabHshed a nursery which contains a number of species

of conifers and oaks. The purpose of this nursery is to have immediately available

small trees on which to conduct experiments dealing with oviposition, mcubation

periods, feeding of young larvae, formation of gaUs, and the possibihty of alternation

of hosts of various forest tree insects. The Forest Service has supphed coniferous

transplants in 100 lots of 21 different species, representing the following five genera:

Picea (3 species) ; Pinus (12 species) ; Abies (3 species) ; Larix (2 species) ; Pseudo-

tsuga (1 species) . The oaks, which were secured by purchase, consist of 2 to 3 feet

transplants of 10 individuals of each of the following species: Quercus alba, Q. bicolor,

Q. coccinea, Q. macrocarpa, Q. velutina, Q. rubra, and Q. palustris.

Greenhouse insects, including insects affecting ornamental and flowering plants

grown in the home, conser^^atory, cold-frames, and in hothouses or greenhouses,

have been made the subject of a special project of the Bureau of Entomology to be
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directed b}^ Mv. E. R. Sasscer. Mr. A. D. Borden, who for the past year has been

making life-history studies of the citrus mealy bug at Pasadena, Cal., has been trans-

ferred to Washington to assist in this project. The insect enemies of hothouse cul-

tures of truck crops and small fruits, such as tomatoes, lettuce, cucumber, eggplant,

strawberries, mushrooms, etc., will remain under the direction of the Office of Truck-

Crop and Stored-Product Insect Investigations, as formerly. In connection with

this new project Mr. Sasscer will cooperate with the Bureau of Plant Industry and
with the officials in charge of the Botanic Garden and the propagating gardens and
greenhouses of the War Department.

Mr. T. E. Snyder, Bureau of Entomology, returned June 23, from a ten days'

trip through the southern Appalachian Mountains in Virginia, Tennessee, and

North Carolina to study the present status of infestation by the southern pine beetle

{Dendroctonus frontalis) and to collect material; also to study the blight on white-

pine twigs and the galls on spruce caused by a species oTChermes. In the course of

his trip, the M^hite Top Purchase Area in Virginia and Tennessee was visited, where

the Forest Service, cut and burned the bark in March, 1915, on approximately 1,600

infested pine trees. Mr. Snyder found only three trees containing broods of D.

frontalis, and these trees were not in the immediate vicinity of treated areas, which

indicates the success of the control work. In the study of the Che -mes blight the

stands of spruce on White Top Mountain in Virginia, elevation 6,711 feet, were

examined, as well as the white pine in the vaUeys, but no evidence of the pine twig

blight or new Chermes galls were found in the localities where both were so common
last year.

Mr. F. C. Craighead, Bureau of Entomology, spent about two days at Chillicothe?

Ohio, examining a large poplar plantation for insect damage and arranging for exper-

iments in the control of the borer and other insects affecting the poplar. Also three

days at Kanawha Station, W. Va., where he was successful in collecting a large series

of aU stages of the very rare cerambycid beetle {Leptura emarginatus) and making

some interesting new observations on hickory, ash, and oak insects. Mr. Craighead

has just returned from a trip to Boston to study the results of experiments in the

control of Agrilns hilineatus, which is responsible for the death of oak trees defoliated

by the gypsy moth. He reports that the experiments in disposing of the infestation

in the principally infested trees has had a marked effect in reducing the number of

dead trees. He also spent a day on Long Island inspecting the control work con-

ducted on an estate against Scolytus quadrispinosus on hickory trees and Agrilus

hilineatus on oak trees defoliated by cankerworms and tent caterpillars. He found

that the control work had been done according to recommendations and with apparent

success.

Mailed August 16, 1915.
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Report of Special Meeting of the American Association of

Economic Entomologists, Berkeley, California,

August 9 and lo, 1915.

A special meeting of the American Association of Economic Ento-

mologists was held at the L^niversity of California, August 9 and 10,

1915. Joint sessions were also held with the Pacific Slope Association

of Economic Entomologists.

The attendance at each session averaged 45. Among the members
and visitors present were the following:

E. A. Back, Honolulu, H. T.; E. D. Ball, Logan, Utah; F. C. Bishopp, Dallas,

Texas; LawTence Bruner, Lincoln, Xeb.; A. F. Burgess, Melrose Highlands, Mass.;

R. E. Campbell, Hayward, CaKf.; Mrs. R. E. CampbeU, Hayward, Calif.; H. G.

Champion, Oxford, England; Leroy Childs, Hood River, Oregon; T. D. A. Cocker-

ell, Boulder, Cahf.; G. A. Coleman, Berkeley, Calif.; R. A. Cooley, Bozeman, Mont.;

W. M. Davidson, Wabiut Creek, Calif.; E. M. Ehrhorn, Honolulu, H. T.; E. O.

Essig, Berkeley, Calif.; S. W. Foster, San Francisco, Calif.; Geo. P. Gray, Berkeley,

Calif.; Ralph Hopping, San Francisco, Cahf.; L. O. Howard, Washington, D. C;
S. A. Johnson, Ft. Collins, Colo.; A. L. Melander, Pullman, Wash.; J. M. Miller,

Ashland, Oregon; R. L. Nougaret, Wahiut Creek, Cahf.; C. E. Pemberton, Hono-
lulu, H. T.; D. O. Robinson, Imperial, Cahf.; E. E. SchoU, Austin, Texas; Mrs.

E. E. Scholl, Austin, Texas; H. S. Smith, Sacramento, Cahf.; A. T. Speare, Hono-
lulu, H. T.; Mrs. A. T. Speare, Honolulu, H. T.; A. E. Stene, Kingston, R. I.; A. F.

Swain, Berkeley, Calif.; O. H. Swezey, Honolulu, H. T.; Mrs. O. H. Swezey, Hon-
olulu, H. T.; T. D. Urbahns, Pasadena, Calif.; E. P. Van Dyke, Berkeley, Cahf.;

F. A. Varrelman, Berkeley, Cahf.; H. L. Viereck, Sacramento, Cahf.; Alfred Warren,

Honolulu, H. T.; G. P. Weldon, Sacramento, Cahf.; H. F. Wilson, Corvalhs, Oregon;

and G. N. Wolcott, Rio Piedras, Porto Rico.

In the absence of President Herrick the meeting was called to order

by Prof. R. A. Cooley, first vice-president of the Association.

A committee consisting of H. F. Wilson and the secretary were

appointed to arrange the program and Dr. L. O. Howard was called

to the chair.

The following address was presented by Vice-President Cooley:
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COMMENTS ON ORGANIZATION IN AGRICULTURAL COL-

LEGE EXTENSION WORK IN ECONOMIC ENTOMOLOGY

By R. A. CooLEY, Professor of Zoology and Entomology, Montana Agricultural Col-
lege, Bozeman, Montana

Certain factors, recenth^ new, tend greatly to stimulate interest in

extension work in economic entomology. The same factors have given

a new impetus as well to the extension efforts in other departments

of agricultural knowledge but to those branches of the agricultural

college often spoken of as the science departments, and including en-

tomology, which are concerned in the more specialized branches of

agricultural knowledge and require particularly the service of special-

ists, the new movement comes bringing particular interest, new respon-

sibilities and, above all, a great opportunity. In the opinion of the

writer, official economic entomologists, in particular, are called upon
to make a special effort in order that a right beginning may be made
and that the fullest measure of good may result eventual^ from the

present rapidly changing conditions. I refer in particular to the

Smith-Lever Act which became a law on May 8, 1914, and to certain

items in the appropriations to the L^nited States Department of Agri-

' culture which authorizes extension work, but which are being expended

largely in cooperation with, and under the direction of, the agricultural

colleges in the several states.

When the Smith-Lever Act becomes fulh" effective in the fiscal year

1922-23, if the states all accept the federal allotments, there will be

available in the United States from federal and state treasuries the

sum of $9,160,000 to which may be added unknown but very material

sums from the L^nited States Department of Agriculture and from

upw^ard of 3,100 counties, all of which sums are to be expended under

the direction of the agricultural colleges in extending ''useful and prac-

tical information on subjects relating to agriculture and home econom-

ics." There is a very general sentiment that the counties should

each appropriate a sum equal to that received from the state and federal

governments. If this standard is reached the sum, aside from that

received through the Department of Agriculture, will be again doubled.

We may, therefore, roughly estimate that this work will be supported

in about ten years by something like S20,000,000 annually.

The agricultural college has thus laid out before it a new condition

full of great possibilities to w^hich it must adjust itself during the next

few years. Economic entomologists are to share in the growth and

development, but to what extent the}" will share will be influenced to

some extent by the interest and zeal they show.
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It has long been obvioush^ true that a very imperfect use is being

made of the great mass of practical entomological knowledge that has

been accumulated. Remedial measures have been worked out for

many of our more common insect pests, but, in many if not in most

cases, these remedies are not put into general operation. As a rule

the farmer recognizes and knows the proper treatment for only a very

few of the chief insect offenders and the ones he does know are gener-

ally those which if left uncontrolled would very serioush^ affect his

crop. In other words, he uses remedial measures only when driven to

it and often overlooks the more obscure injuries which nevertheless

greatl}^ reduce his profits. Many a farmer has grown and harvested

a crop and placed the returns in his bank without ever becoming aware

that his profits were less than they should have been. A striking

instance of a farmer having overlooked a serious injury to his crop

ma}^ be related from the writer's experience. Reports of rather ex-

tensive damage to fall wheat due to the army cutworm {Chorizagrotis

agrestis Grote) had been coming to the office from a certain part of

Montana. Knowing that a certain man who lived in town had a

large field of wheat in that neighborhood, he was asked if his crop was
being injured and he replied that he had been at the farm and examined

the grain the previous day and found no injury being done and no
cutworms. In passing the field the day following the writer examined

it for the insects and found that injury was being done throughout the

field though no spots had been made bare. It was estimated that

there were about two cutworms present for every square foot of surface

and in some parts of the field the crop had been very seriously injured.

There can be no doubt that very much good has been accomplished

through the agency of bulletins and circulars, correspondence, farm

papers and institutes, but it is equally certain that farm practice may
further be greatly benefited by putting into operation in a far greater

degree the results of entomological investigations. Bulletins reach the

farmer irregularly and if read are not often preserved. Many farmers

dislike to write letters and find it difficult to thoroughly state their

problems. Institutes are few in number, often come at a busy time

of the year and frequently are held at a considerable distance from the

home. The results of a survey made by the Bureau of Plant Industry

and published in Circular No. 117 showed the farm papers to be the

most popular among the various helpful agencies, but specialists are

often disheartened as they observe how inadequately these papers

meet the requirements. Entomologists have observed in the papers

not only grave errors, but discussions that do not apply at all to the

conditions that the readers of the particular paper have to contend

with. If the entomologist criticizes he is asked to prepare more articles
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which only further indicates that the pubhc is in need of rehable in-

formation. Of all of these agencies it may be said that they are largely

lacking in the element of vital contact with the farmer's real needs.

Our knowledge of insects and of means of control have gone far in

advance of the farmer, and entomologists, in particular, are in need of

such a means as has been provided for disseminating knowledge of

insect control and demonstrating its value. We may or we may not

approve entirely of the details of the method that is being so rapidly

established but it has come to stay, apparently, and we may as well

face the fact and prepare to meet the conditions.

The Smith-Lever Act specifies that its benefits shall be applied

through the college or colleges now receiving the benefits of the first

and second Morrill acts, that is, the agricultural colleges, which in

some states are separate institutions and in some are maintained as

colleges in the state universities. The problems incident to the new
work, therefore, come to college rather than to experiment station

officers. The act is broad in its provisions with respect to how the

funds shall be made effective. Nobody knows what the completed

organization shall be or how the many questions that are arising are to

be met. Already, however, the states have in large measure com-

mitted themselves to the emplojmient of resident advisers in the coun-

ties. These have received various names, including farm demonstra-

tors, county agriculturists and county agents. For the purposes

of the remainder of this paper they are called '^county agents" or

agents."

The college departments' relationship to the county agent needs to

be carefully defined. In the nature of the case the men to fill these

county positions must be general in their training and experience.

They cannot be specialists, though it is entirely possible that as the

system develops special agents or specialist agents may be employed

to meet local requirements. These, however, will be few in number,

at least for many years.

Yet these generally trained men will be the ones to whom in large

measure the requests for information regarding the identity, life-his-

tories and control of insect pests will come. They are the ones who

will be in contact with the people. In this respect, the system is weak

but under the circumstances it is the best that can be provided and

with proper cooperation good results may be secured. The county

agent will need the help and backing of his college and a clear under-

standing of what is expected of him, for he has Uttle precedent for his

guidance and since he is the mouth-piece of many college departments

and is expected to teach truly their doctrines, he has, in a sense, manj^

masters.
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His relationships with the home institution will necessaril}^ be very

complex and we can do little more at the present time than to state

some general observations. He should consider himself to be not a

dissociated, independent factor, but rather a medium of communication

between the specialist and the farmer. He should realize that he is

to dispense facts and not opinions and should earh^ learn to practice

the delicate art of sajdng, "I don't know" when confronted by ques-

tions that go beyond his knowledge or experience. He needs to be

reinforced by the assurance that questions referred to the college will

be answered promptly.

For his part the specialist should, through deliberate plans, make a

renewed effort to be helpful to the farmer through the agent. This

point is discussed more at length below. It is apparent that close

relationships and a complete understanding should grow up, paving

the wa}' for the quick settlement of questions that must arise.

Numerous questions are arising. Following are some examples.

Should agents train their farmers to make requests for information of

the home institution through them? To what extent shall agents first

get the approval of the home departments before starting special cam-

paigns? Shall copies of the agents' periodic reports be referred to the

departments? It is believed that all such questions as these may be

satisfactorily worked out by an observance of the general principles

outlined above.

In the past in many states a single entomologist has alone, or with

little assistance, carried all four branches of the state's entomological

service, namely, investigation, teaching, extension and law enforce-

ment. That day is passing. The agricultural colleges generally

retain one man as head of all entomological work in the institution and
he, yielding to the dictates of efficiency, is finding it necessary to

employ special investigators and special teachers.

It seems desirable, first, to recognize as tenable the primary divisions

of the work suggested above, not that we are called upon to at once,

or perhaps ever, draw hard and fast lines of separation, but because as

development occurs and new men are added, specially qualified assist-

ants may be secured and all of the details of organization may be

planned to harmonize.

It is believed that at the outset we should recognize the extension

work as a distinct and important branch of the state's work in entomol-

ogy rather than to attempt to accommodate the new duties among our

miscellaneous activities. Each state will need one man or more whose
duty it is to serve the needs of extension work and as entomologists

generally now recognize teaching, research and law enforcing as natural

branches, they will probably some day recognize extension work. It
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is not unlikely that at some future time when there are a considerable

number of entomologists who are especially interested in extending

knowledge of economic entomology, there will be established a division

or branch of this Association to facilitate interchange of ideas. For

our present purposes we may call him the '^extension entomologist."

Some states have had field representatives who have been of much
service in keeping the home institution in touch with field conditions.

These men have been charged particularly with getting information

from the field, rather than with giving it to the farmers. It will be

but natural to combine in the duties of the extension entomologists

the work which some states have had the field men do; that is, as they

are about the state do special errands, such as collecting specimens,

materials and notes for the use of the research men and teachers. He
can be of great service in numerous ways. His special interest will be

to gather and systematize information from all sources, but particu-

larly from his co-workers in his own state and not only get it to the

farmer, but get it into practical use by the farmer. While his particu-

lar interest is to effectively extend knowledge he need not and should

not lose the same scientific spirit that now actuates entomologists.

We wish the results of our investigations to be taken to the farmer by
the entomologist and in the same spirit as in the past. It could not be

as effective to have entomology combined in one man with some other

special line, perhaps plant pathology, though for a few j^ears we may
be called upon to accommodate ourselves to such adjustments. We
should, as soon as possible, have our own representatives in the field.

Farming interests have suffered heavily in the past through the

experiment station's being uninformed or poorly informed concerning

insect injuries that are taking place. The extension entomologist may,

through his county agents and through his own observations, do much
to prevent widespread damages. In Montana this spring we expe-

rienced a widespread and very serious outbreak of army cutworms.

In one count}^, alone, it was estimated that 12,000 acres of fall grain

were eaten off, requiring replanting. We have no way of knowing

just how many acres of grain were destroyed in the whole state, but

it is probable that 100,000 is not ver}^ far from correct. Beside this,

manj^ thousands of acres w^ere saved through the timely use of remedies

which the state entomologist recommended. Much more could have

been saved if the office had been informed in time. If the agents had

been trained to observe the first indications of the presence of this

insect or if the department had had a representative in the field, we
should have received earlier advice.

It is too earh^ to completely outline the duties of the extension

entomologist, but some things he should do are already- apparent. In
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the first place, the agents will naturally apply directly to him for

information and he will be in charge of the department's relationships

with agents. He will naturally travel much, going from one agent to

another and helping in the solution of local problems, looking into

outbreaks and aiding in their control. He will naturally aid in survey

work in states where this is under way and will contribute to the build-

ing up of the department's collections.

The extension entomologist should be much in demand for lecturing

at institutes, in short courses at and away from the home institution

and in high schools. In this connection he may equip himself with

charts, lantern slides, demonstration materials and life-history exhibits.

He may prepare many circulars of information and articles for news-

papers.

In placing emphasis at this time upon the importance and utility of

extension service in entomology, the writer wishes particularly to be

not understood as losing a sense of perspective or of losing sight of the

importance of the other branches. This new movement should be

received and adopted by official economic entomologists as a unit to

be placed among the other units in the state's entomological system.

It will have, therefore, its organic relationship to the other branches

of the service. We cannot at this time enter upon a full discussion of

these matters, but some comments seem to be timely.

We have mentioned a primary classification of official entomological

service. The fundamental or central branch is undoubtedly research

and an effective state organization will necessarily give a large place

to investigations which will go deeper and deeper into the unknown
and more and more illuminate the whole system. The main interests

of entomological departments will undoubtedly continue to be research

and teaching. The teacher of entomology, the extension worker and

the inspection official must always look to the investigator to supply

that element which gives stability to their work. At the same time,

in whatever branch of the work one finds himself, it is believed that

it is necessary that he keep alive in himself the true spirit of the

scientist, a love for the truth, a worthy desire to uncover the unknown
and add to knowledge. The extension entomologist can continue safe

and reliable only as he keeps in touch with the on-movement of his

science. Accordingly, he should be given an opportunity to a limited

extent to work out some of the problems that arise in connection with

his own work; that is, do some investigational work. He should be

always essentially an entomologist even though engaged in extension

work.

Another point that should be made is that, while in the past station

entomologists have been expected quite- generally to attend to all mat-
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ters of insect control, such as correspondence, lecturing and newspaper

writing, they should now be largely reheved of these extras. There

has grown up a strong tendency toward confusing extension work and
experiment station work. The farming public has needed help and the

station has been the natural place to go for it. Yet the federal acts

by which the experiment stations are endowed do not authorize exten-

sion work. When the results of investigations are published, the

experiment station's responsibility ceases and the investigator, paid

from federal funds, who turns aside from his studies to lecture to

farmers, to write for the farm papers or to aid farmers by correspond-

ence, if he does so to the extent of reducing the effectiveness of his

researches, is not only infringing on the law, but reducing the efficiency

of the organization. The situation has been met in the past by having

the specialist's salary paid in part from state funds over which federal

authorities have no jurisdiction. This has resulted in interruptions

and delays with which we are so familiar. The most serious effect has

been perhaps a reduction in efficiency in research workers. There

has grown up a tendency to accept and adopt standards which are

lower than can be attained by allowing investigators to pursue their

studies without eerious distractions.

In conclusion, emphasis should be placed on the fact that the passage

of the Smith-Lever Act and the events which have grown out of it

are of the greatest importance to economic entomologists. A new era

of far-reaching developments seems to be indicated. In the past,

entomological work has not received the public recognition that its

importance merits, largely- because of widespread popular ignorance

of the subject, and if entomologists will be quick to see the significance

of the new extension movement and to act, the scientific interests

which we represent may be greatly benefited.

The most immediate result should be an increased demand for well-

trained young economic entomologists. Many new positions should

be opened during the next few years as the extension funds become

available and this will affect teachers and research men as well as

extension workers. This is clear when we stop to think that, in pre-

paring men for the extension service, the teaching department will be

called upon not only to teach entomology to the men who will become

the count}^ agents, but to train those who will serve as extension

entomologists of which there should be eventually many.

Having one or more trained observers out in the state much of the

time will put the college in touch with problems that require attention

and will suggest fines of research. These problems will naturallj^ be

the ones that the farmers are interested in and a greater measure of

sympathy and cooperation between the farmer and entomologist should
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result. In Montana, we have already felt a marked increase in the

demands for help from the farmers. These are coming partly through

the agents, and the agents are always glad to cooperate in these mat-

ters, so far as they are able, for they feel that in this way they can

show positive, tangible results, leading to outspoken approval from

the farmers.

Another result should be that we will fare better at the hands of

the legislatures in all of our funds, but particularly in the appropria-

tions for research. This should be brought about through the farmers

and general public becoming better acquainted with the methods of

work, aims and results of entomological research.

Dr. L. O. Howard: The address is now open for discussion.

Mr. a. F. Burgess: The point made in the address in regard to

securing well-trained entomologists, particularly in connection with

demonstration work on the farm, merits careful consideration. It

would seem well to keep this matter constantly in mind when positions

are being filled.

Dr. L. O. Howard: One of the strong points in this address is

that it looks forward to the future. Aside from being concerned with

present conditions, it takes up in a comprehensive way future condi-

tions and prospects.

At the conclusion of the discussion the session adjourned at 11.30

a. m. in order that the Pacific Slope Association of Economic Ento-

mologists might hold a brief session.

Afternoon Session, August 9, 1915

The session was called to order by Vice-President Cooley at 2 p. m.
This was a joint meeting with the Pacific Slope Association.

Mr. H. F. Wilson reported that at the Session of the Pacific Slope

association a committee consisting of Mr. E. D. Ball and Mr. E. O.

Essig had been appointed to consider what steps could be taken in

order that the Pacific Slope Association might affiliate with the Amer-
ican Association of Economic Entomologists. He requested that a

committee of two members from the latter Association be appointed

to consider the matter with the committee already appointed.

It was voted that a committee be appointed, and the chair selected

Mr. C. P. Gillette and Mr. A. F. Burgess to represent this Association.

The following committee on resolutions was appointed by the chair,

Messrs. E. A. Back, F. C. Bishopp and A. L. Melander.

Vice-President Cooley: The first paper on the program will be

presented by Mr. Geo. P. Weldon:
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THE WOOLLY APHIS AS A PEAR PEST

By G. P. Weldon, Sacramento, Col.

{Withdrawn for -publication elsewhere.)

Vice-President Cooley: The next paper will be read hy Mr.

O. H. Swezey.

SOME RESULTS OF THE INTRODUCTION OF BENEFICIAL

INSECTS IN THE HAWAIIAN ISLANDS

By Otto H. Swezey,

Entomologist, Experiment Station of the Hawaiian Sugar Planter's Association,
Honolulu, Hawaii

Only a very few of the native insects of the Hawaiian Islands have

become injurious to cultivated crops or plants. The insect pests

occurring there are in most cases foreign insects that have arrived

through the channels of commerce. The promiscuous importation of

fruits, seeds, trees, plants, etc., from all parts of the world has been

the ehief way by which the numerous insect pests have gained access

to these islands. One has but to observe the profusion and variety

of trees, shrubs, and plants in the public parks and private grounds

of Honolulu to realize to what extent this has been carried on, for in

all of this there is only an occasional native tree or plant to be seen.

The most of this introduction of trees and plants was done before

the present rigid system of plant inspection and quarantine against

insect pests was instituted, and the insects have come along freely with

their host plants. There are about seventy-five species of scale insects

known in the islands, none of which are native, but all have been

brought in in this way. The sugar cane leaf-hopper, too, so well

known from its having caused such heavy loss to the sugar industry,

is a striking example of a pest arriving with its host plant, coming in

as it undoubtedly did in the egg stage in importations of cane cuttings

for planting.

Many insects have arrived in other ways through the channels of

commerce, as in packing, in soil about the roots of plants, along with

domestic animals, chance travellers on board vessels, etc. Some, not

pests in their home country, have become pests here when established

in the absence of their natural enemies. Observations on this line

have led to the practice which is now so prevalent of searching for the
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native home of a pest and making a study of its natural enemies for

the purpose of introducing them to the countries where the insect has

become established as a pest.

Considering its size, Hawaii has probably accomplished more in the

way of combating insect pests by the introduction of their natural

enemies than has any other country. The first introduction of benefi-

cial insects in Hawaii was when, following his remarkable success in

the introduction of an Australian lady-beetle {Novius cardinalis) into

California to destroy the cottony cushion scale, Mr. Albert Koebele

also introduced it here, where it soon reduced the same pest to such

scarcity that it is no more a menace to the trees and plants previously

affected. A few are to be seen now and then on various plants and

trees, but the lady-beetle is in such control that no serious infestations

now occur.

This introduction was as early as 1890, and shortly after, in 1893,

Mr. Koebele was engaged by Hawaii to continue this work of finding

and introducing beneficial insects. Many of the first successful intro-

ductions were lady-beetles. About a dozen different species were

successfully introduced by 1896, mostly from Australia and the Orient.

Among these were Cryptolcemus montrouzieri, Rhizohius ventralis and

Rhizohius toowoomhce which feed on various species of mealybugs;

Coelophora inequalis, Platyomus lividigaster, Scymnus loewii and Scymnus
notescens feeding on plant-lice; Orcus chalyhoeus and Chilocorus circum-

datvs feeding on scale insects. Many other lady-beetles have been

tried, but not all were successful. Some failed to become established,

and others, although established, failed to increase sufficiently as to

be of noticeable use. However, the combined work of all mentioned

above has reduced greatly such pests as mealybugs, scale insects and
plant-lice.

Thirty or more species of hymenopterous parasites have been intro-

duced, also, to prey on this class of insect pests. The lady-beetles

are often seen busily feeding upon their respective hosts and the general

public recognizes them as beneficial; but the parasites, often very

minute, are seldom seen, and hence their usefulness is not generally

known by people unfamiliar with their habits. Their presence may
be determined by close examination and finding the tiny round holes

which they have gnawed in the scale insects, in emerging from them,

after completing their transformation in the place where they have

been feeding on the living bug, or its eggs, beneath the scale. These

scales with the tiny holes may often be found in great abundance on
scale-infested plants, mute evidence of the usefulness of the parasites.

Among the most valuable of the introduced Coccid parasites are:

Encyrtus fuscus, Blepyrus marsdeni, Microterys flavus, Apentelicus
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kotinskyi, Adelencyrtus odonaspidis. Scutellista cyanea, Tomocera

californica, Toinocera ceroplastis, Aneristus ceroplastce, Coccophagus

orientalis, Coccophagus lecanii, Aphelinus diaspidis and Aspidiotiphagus

citrinus.

The usual sequence of beginning, increase and decline of an out-

break of mealybugs or plant-lice is often to be seen. The pest may
get a start at a time or in some place where there are none of its

enemies, and may increase considerably before being found by any lady-

beetles or parasites. These latter, having arrived in small numbers,

begin to reproduce, and after a few generations increase sufficiently

to become effective in checking the increase of the pest; then, after

still further increase in numbers, finally exterminate the pest entirely.

After such an outbreak of mealybugs, the adults and larvae of the

lady-beetle, Cryptolcenms montrouzieri, may be seen in thousands, and

their pupae also in large numbers where the larvae have congregated in

some sheltered place for pupation.

An occasional occurrence of this kind serves to illustrate the useful-

ness of the parasites and lady-beetles, and also shows what conditions

might prevail continuously if these pests were not kept pretty well in

check for most of the time. More of these lady-beetles and parasites

would be useful, and the entomologists of Hawaii avail themselves of

every opportunity of securing them.

, Leaf-roller Parasites

In 1895, among other parasites that Mr. Koebele introduced from

Japan were Chalcis ohscurata and Macrodyctium omiodivorum, which

attack the pupae and caterpillars of the leaf-rollers on sugar cane and

coconut palms. These two parasites do a great deal of good in

killing off these leaf-rollers. Chalcis ohscurata also parasitizes the

pupae of several other leaf-rollers of fruit trees and garden plants,

among them Archips postvittanus and Amorhia ernigratella, once very

abundant but now not very injurious.

Macrodyctium omiodivorum is a small Braconid and chieflj' attacks

the larvae of the sugar cane leaf-roller, Omiodes accepta. This is a

native moth whose larvae normally feed on grass and are always to be

found in grassy regions, especially at elevations of 1,000 to 3,000 feet.

Sugar cane fields in the vicinity of such regions are often subject to

severe attack and considerable injury by these caterpillars. Since the

introduction of the Braconid, the leaf-rollers have been held in check

in the cane fields, or if outbreaks occur at any place they are soon

found by the parasites, which, having a very short life-cycle, are soon

able to increase sufficiently to check the pest.
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Lantana Insects

Another phase in the introduction of beneficial insects was the

introduction of the lantana insects by Mr. Koebele in 1902. He made
a thorough study of the insects preying exclusively on lantana in

Mexico, to ascertain which could be safely introduced to serve as a

check on this plant in Hawaii. Among the many species of insects

studied, eight were successfully introduced and finally spread all over

the islands. Of these insects, the maggots of the little black seed-fly

(Agromyza sp.) destroy the seeds in the growing berries; the larvjB of

two moths (Platyptilia pusillidactyla and Crocidosema lantana) feed in

the flower clusters, thus helping to prevent the formation of fruit; the

caterpillars of two butterflies {Thecla echion and Thecla agra) feed on

the flowers; the larvse of a tiny moth {Creynastobomhycia lantanella)

mine the leaves, thus causing them to become ineffective in the service

of the growing plant; a small bug (Teleonenia lantanw) feeds abun-

dantly on the underside of the leaves, causing them to die and fall

off; a gall-fly {Eutreta sparsa) produces large swellings or galls on

freshly-growing shoots, thus checking the normal growth.

The growth of lantana has been greath' checked by all these

insects, and in some places their effect, in connection with climatic

conditions, has killed it off entirely. The greatest benefit derived

has been from the destruction of the flowers and seeds, so that land

once cleared of lantana does not again become invaded by it; whereas

formerly on the cattle ranges a great deal of expense was involved

in continuously rooting out lantana, for it was always being reseeded

by birds dropping the seeds broadcast. Now, very few seeds are

formed, as many of the flowers are destroyed by the larvae of the two

butterflies and the two moths above mentioned, and what seeds do

start to grow are mostly eaten by the larvae of the Agromyzid fly.

There has been considerable fear on the part of some that the intro-

duced lantana insects would become pests on other plants, especially

when the lantana became scarce or killed out, but such has not been

the case. None of these insects have ever become injurious to any

cultivated fruit or plant, and it is indeed doubtful if any such plant

has been in the least attacked by them. It is of interest to note in

this connection that at the time the Mediterranean fruit-fly first be-

came knowm in Honolulu, an opinion expressed by many of those igno-

rant of the ways of insects, was that the ''lantana fly" had changed its

habits and turned into the fruit-fly, thus becoming a bad pest. Some
were so thoroughly imbued with this idea that it was impossible to

convince them of their error.
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Sugar Cane Leaf-hopper Parasites

The most noted case of introduction of beneficial insects in Hawaii

occurred in 1904-05, when Messrs. Koebele and Perkins introduced

from Australia and Fiji the egg-parasites for the sugar cane leaf-hop-

per, Perkinsiella saccharicida. These were three Mymarids {Parana-

grus optahilis, P. perforator and Anagrus frequens) and a Chalcid

{Ootetrastichus heatus) . Attempts were made to introduce others of the

many parasites that were found preying on leaf-hoppers in Australia

and Fiji, but these egg-parasites and a Dryinid were the only ones

that were successful.

They soon became established and were spread throughout all the

sugar plantations, and within two years had made such a reduction

in the number of leaf-hoppers in the cane, that there was already an

appreciable amount of benefit derived, and after two more years there

was comparatively little complaint of injury or loss by the leaf-hop-

pers. Sugar cane was again grown without the severe setback which

young cane was always subject to when the leaf-hoppers were at their

worst, and which often resulted in ruining whole fields; in one instance

almost all the fields of a large plantation of 9,000 acres.

The year preceding the establishment of the parasites, the esti-

mated loss from the leaf-hopper amounted to $3,000,000 for all the

plantations of the islands, and the sugar industry was threatened with

ruin. After the establishment of the parasites, this annual loss was

diminished yearly, until in a very few years the loss by leaf-hoppers

was considered negligible. Yet even now, after ten years, there are

occasional severe local outbreaks of the leaf-hopper, when whole fields

or spots in certain fields suffer considerably from their attack; but

this is usually only temporary, and there are no general outbreaks.

Of the different parasites, one of the egg-parasites (Paranagrus

optahilis) has been the most useful one. The others are not always

to be found everywhere, but this one is always found aiwwhere and

everywhere that there are any leaf-hopper eggs for it to breed in. It

is usual to find 50 per cent or more of the eggs parasitized b}^ it. When
the shortness of its life-cycle is considered, it being three weeks as

compared with six weeks or more for the leaf-hopper, it is seen what

advantage it has in checking the latter. It has been the main factor

in this natural control of the leaf-hopper, though the other intro-

duced parasites and some local parasites and predators have been very

useful and played an important part.
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Cane Borer Tachinid

Another remarkably successful parasite introduction was a tachinid

{Ceromasia sphenophori) parasitic on the sugar cane weevil borer
'

{Rhahdocnemis ohscura). This was brought from New Guinea by Mr.

F. Muir in 1910. An account of his search for parasites for the cane

borer, the finding of this tachinid and its introduction to Hawaii are

given in the Journal of Economic Entomology, Vol. VII, page 455,

1914. Within two years the tachinids had been distributed to nearly

all plantations and well established in many of them. Nearly five

years have now elapsed and the beneficial results are very apparent.

Already, in 1913, the tachinids had become sufficiently abundant to

cause a considerable reduction in the number of borers in the cane, and

a consequent diminution of damaged cane resulting in an increased

yield of sound cane per acre. This was especially noticeable in those

plantations where the pest had been the worst, and where on this ac-

count efforts to establish the tachinids had been concentrated at the

outset. On one of these plantations where the manager was keeping

definite records, and the usual infestation by borers was 30 per cent

of the canes, it had dropped to an infestation of only 12.77 per cent.

This has resulted in a greater yield of good cane per acre, and at the

same time the quality of the juice in the cane has been so much im-

proved that more sugar is produced per ton of cane. To use figures

from the plantation reports: it now requires 1.67 tons less of cane to

produce one ton of sugar than it did formerly.

Another plantation, that has been similarly benefited, reports that

its yields have been increased by a little over two tons of sugar per

acre. If the price of sugar be taken at an average of $75 per ton, this

would mean a saving of $150 per acre, and the plantation harvesting

1,000 acres annually would have a saving of $150,000.

Not all plantations have been benefited to the extent of these used

as illustrations, for not many were so severely infested by borers as

these were, but many have been very considerably benefited. The
total saving to the sugar industry of the Islands would amount to many
thousands of dollars annually. It is significant that the crop of sugar

in 1914 was 21,780 tons greater than any previous crop in the history

of the sugar industry in the Hawaiian Islands.

Present conditions indicate that the tachinids have reached their

maximum efficiency, for they are now less abundant in the fields than

they were shortly after the time when they became generally spread.

This is by reason of the reduction in the number of borers. Where
the borers were formerly most numerous, it gave the tachinids oppor-
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tunity to increase until for a time they were very abundant, but later

became scarce, corresponding to the scarcity of the borers brought

about b}^ them. In many places it is now difficult to find injury by
borers where formerly much cane was injured, and similarly the tachi-

nids are difficult to find in these places.

Fruit-fly Parasites

Several species of fruit-fly parasites were brought from Africa and

Australia by Dr. F. Silvestri in 1913. Some of these were reared suc-

cessfully in large numbers and widely distributed. The following

year two species {Opius humilis from Africa and Diachasma tryoni

from Australia) were found to be established and quite wideh^ spread.

In 1914, Mr. D. T. Fullaway brought several more species of fruit-fly

parasites from Africa, which have likewise been reared in large num-
bers for distribution. It has not yet been long enough to expect exten-

sive results from these introductions, but there is hope that when sev-

eral of them are well established and generally spread much good will

result.

In this short paper only the more important of the introduced bene-

ficial insects have been mentioned. There have been many others of

less importance, either by reason of their attacking less important

insect pests, or that they failed to increase in sufficient numbers to be

of significant value. There have been manj^ tried which for climatic

or other reasons entirely failed to become established. Manj^ attempts

have been made to find and introduce useful natural enemies for the

horn-fly on cattle, but none of them so far introduced have brought

about any noticeable general reduction of the pest.

The entomologists of Hawaii, encouraged by those which have been

successful, are continuing in this method of combating insect pests,

and from one or the other of the institutions there, projects for the

introduction of more beneficial insects are continually being carried on.

Mr. E. D. Ball: What is the native home of the sugar cane leaf-

hopper?

Mr. 0. H. Swezey: It was supposed to be in Australia. Para-

sites were secured from there, also from Borneo, New Guinea and

Fiji. We are not certain of the native home of the leaf-hopper. It

is not a pest in the countries mentioned.

Dr. L. O. Howard: Hawaii has done more than all other countries

put together in the matter of introducing parasites successfully. The

introduction of insects to feed upon weeds or other plants is a dan-

gerous experiment and it is very fortunate that it turned out so well

in this case.



October, lo] CHILDS: CONTROL OF THE APPLE LEAF-ROLLER 457

Vice-President Cooley: The next paper will be presented by

Mr. Leroy Childs.

SPRAYING NOTES ON THE CONTROL OF THE FRUIT TREE
LEAF-ROLLER IN THE HOOD RIVER VALLEY

By Leroy Childs, Research Assistant, Department of Ento7nology, Oregon Agricul-

tural College, Corvallis, Oregon

In the face of the already valuable information that is available on

the hfe-history and the control of the leaf-roller, this paper and the work

that it represents might appear to some as superfluous. In citing

the literature, however, I find little or no published experimental

work dealing with the control of this serious and numerically increas-

ing apple pest on the Pacific Coast. A still more important point

which made experimentation, at least with the oils, imperative was

to determine if possible what influence spring applications of oils

have on the adhesive properties of fall applications of Bordeaux

mixture. In the Northwest we have a very serious apple disease

known as apple tree anthracnose, for control of which Bordeaux

is applied before the early rains in the fall. It has been suggested, and

seems, indeed, quite possible, that there may exist some such condi-

tion, information relative to which is desired before the general use

of oil can be recommended. The anthracnose spray has not been

applied with the result that a report on this point is impossible at this

time. The leaf-roller, however, has passed through its period of activ-

ity for this season and the data gathered relative to its control is

complete.

In the Hood River Valley the presence of the apple leaf-roller is

not general. The limits of the present infestation are well defined,

comprising at the present time some five hundred or six hundred

acres. A yearly expansion of these limits occurs and the losses are

increasing, with the result that the orchardists are planning a vigorous

campaign against the pest next year.

At no time in Hood River has the infestation occurred to such an ex-

tent as to cause noticeable defoliation; occasionally the tender foliage of

growing terminals is severely injured but in no place has there occurred

the complete defoliation that has been reported in different sections of

the East. The injury to the fruit, however, in several orchards where

extensive countings were made produced surprising information. The
losses incurred by the feeding worms often approached 40 per cent of

the entire crop. It was found that the injury was even more severe on

trees in light bearing, where the percentage of injury amounted to

2
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more than 50 per cent. This loss, together with the other losses that

must be considered in the form of scab, codling moth, bruises, etc.,

make it imperative that some means be employed in reducing this

waste.

In order to determine the most advantageous method that could be

employed under Hood River conditions, a series of experiments em-
bracing lead arsenate in various strengths, crude oil emulsion, kero-

sene emulsion, distillate emulsion and a miscible oil w^ere used during

the past spring.

Owing to the fact that it is necessary to make four or five spring

and early summer applications of a fungicide for apple scab control

in Hood River, lead arsenate, if efficient, seemed to offer the least

expensive plan (at least from the standpoint of labor) in bringing

about leaf-roller control, for this material is usable in combination.

Six different plans of procedure were outhned. Lime-sulfur was the

fungicide employed throughout the season. Spraying in the spring

began in what is termed at Hood River the delayed dormant spraj^,

or an application applied at a time when the more advanced fohage

has reached the size of squirrels ears. At this season it was very

difficult to find any hatched leaf-roller eggs.

The orchard in which the experiments were conducted is planted to

Spitz enburg apples which are now about twelve years old. Two
rows across the orchard were used in each experiment. Between

each was left one as a check. In referring to the table it will be seen

that countings from each of these rows serve as a check on two experi-

ments. The degree of infestation, based on the presence of egg masses,

indicated that it was at least typical of the conditions as existing in the

valley. A power spraj^er fitted out with a ^^New Way" engine and

two leads of hose was employed throughout the season in apphdng

the materials. Frembo nozzels with a medium sized hole in the disc

were used.

Two essentials were considered in the scheme of the arsenate exper-

iments: first, to determine, if possible, the least amount of poison

that must be used in bringing about control, and second, to determine

if possible the insect's most susceptible period to poison.

With these thoughts in mind, six experiments were outlined. Refer-

ring to the table it will be seen that in all six experiments, lead arsenate

was used in the delayed dormant application, that the poison might

be present as the worms hatched. In the delaj^ed dormant spray

lime-sulfur was used at the rate of 1 to 18 throughout. To this fungi-

cide was added in experiment 1 and 3, arsenate of lead (paste in all

cases) at the rate of 2 pounds to each 50 gallons; in experiment 2 and

4, 4 pounds to each 50 gallons and in experiments 5 and 6, 6 pounds
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to each 50 gallons of water. A large number of egg masses were exam-

ined at this time; none of the eggs were found to be hatching, the em-

bryonic development was far advanced. The date of this application

was April 3.

A second or ''pink application" {i.e., at the time the flower clusters

were beginning to show pink) was made on April 14. The fungicide

employed was as in the first, lime-sulfur, used, however, in a more

dilute ratio, 1 to 27. The arsenate of lead was omitted in experiments

3, 4 and 6. The poison applied at this time in experiments 1,2 and

5 was in the same strengths as used in the delayed dormant spray 2,

4 and 6 pounds respectively. To determine the condition of the eggs,

a large series of egg masses were examined and it was found that

hatching was actively taking place, 58 per cent of the worms having

emerged. On the 20th of April, or four days later, no unhatched eggs

could be found. At this time a large portion of the foliage was still

well covered with the poison. From these observations it is clear

that material placed upon the trees during the time that the blossom

buds are showing pink is most advantageous with reference to the

emergence of the worms.

Unfortunately, a series was not run in which a ''pink" spray only

was used; a series of this sort would undoubtedly show more clearly

the relative values of this application than can be shown with the data

at hand.

At the time of the calyx application, May 1, a large majority of

the worms were found beneath the folded, web-covered leaves and
so located that their food was protected for the most part from mate-

rials that could be applied in the form of spray. In view of this fact,

a codling moth spray of 3 pounds to 50 gallons only was added to the

hme-sulfur 1 to 36 in all of the experiments For fear of codling

moth infestation, the check rows were sprayed at this time, also. The
data gathered from the counts made on the check rows, consequently,

hardly give accurate information relative to the losses that might

occur should all spraying be omitted. In looking over the experi-

ments after the calyx spray, many ailing worms were found and others

that were dead, all of which seems to indicate that, where available,

this strength is sufficient to destroy the worms.

The fourth spray of the season or the second codling moth spray

was applied May 29. This consisted of arsenate of lead, 3 pounds to

50 gallons of water, plus the lime-sulfur 1 to 30. Fruit only received

attention at this time, all^f which were thoroughly covered. In early

June a great deal of fruit injury was noted taking place and in many
cases the small apples were found largely consumed. The worms in

folding and rolling the leaves often incorporate many of these little
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apples, and those so surrounded with foliage are invariably ruined.

This feeding on the fruit, though often not very extensive, devitali-

zes the apples to such an extent that they stop growing and drop. On
account of this existing condition, it was thought best to check up
the experiments as soon as the feeding period of the insects was
over rather than waiting until harvest time. In so doing, thinning

of the fruit was permitted on the plats where it was found to be nec-

essary.

A thousand fruits or thereabouts were counted in the various experi-

mental plats and checks. These were made from representative

trees chosen at random in the plats. In comparing the results that

were obtained, it is clearly indicated that none can be pronounced

as efficient in controlling the leaf-roller, though some benefit may be

derived from as weak application as 2 pounds to 50 gallons. In experi-

ment 1, where 2 pounds to 50 gallons were employed in the delayed

dormant and in the pink sprays, a benefit of 9 per cent was obtained

when compared with the check. Contrasting this experiment with

3 in which the lead was omitted in the pink spray, the results clearly

show the time at which the poison is an active agent in destroying

the worms. In this experiment there is only a 3 per cent difference

between sprayed and unsprayed fruit. The inefficiency of the delayed

dormant spray is more clearly shown in experiment 4; here 4 pounds

of the lead arsenate were used to 50 gallons. The fruit count shows

a 27 per cent loss on account of roller injury or five tenths of one

per cent less than the check. This is 2.5 per cent more injury than

was obtained where the weaker arsenical was used. This discrepancy

falls within that allowed for experimental error.

The extra two pounds of lead to 50 gallons of water in experiment 2

decreased the fruit loss by 3.8 per cent, giving a total fruit injury in

this experiment of 15 per cent or a reduction of a little less than

half of the losses that occurred on the unsprayed trees.

In experiment 5, where lead arsenate at the rate of 6 pounds to 50

gallons was used in the two early sprays, more encouraging results

were obtained. Even with this heavy dosage, however, 11 per cent

of the fruit was found to be damaged. On trees heavily loaded with

fruit, a loss of this percentage would not be very severe as a large part

of this could be overcome by judicious thinning. In years of a light

crop, however, a condition which exists this year, and where all of the

fruit should be retained, more efficient remedial measures than arsen-

ical poisoning should be employed. Unfortunately, experiment 6

was conducted on Johnathans, a variety which is not subject to

severe attack, in Hood River at least, by the roller, so that compara-

tive data as noted in the other experiments were not obtained.
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In times past, oils have been used by local growers in an attempt to

control the leaf-roller, with rather indifferent success. Owing to exist-

ing conditions it was thought best to test out a series of materials.

Four oils were used in eight experiments as follows: kerosene emulsion,

18 per cent, distillate emulsion, 18 per cent, crude oil (Balfour Guthrie

Co.) in the ratio of 1 to 12 and 1 to 15 and miscible oil No. 1, manu-
factured by the above company, in four strengths, 5, 6, 7, and 8 gallons

to the 100 gallons of water.

Some of the pioneer workers in leaf-roller control have at various

times recommended kerosene as an effective means of destroying

the eggs of the leaf-roller and the 18 per cent emulsion of this material

was placed on the trees with confidence that many eggs would be

destroyed. The trees were thoroughly covered, in fact drenched,

5 to 6 gallons of the material being applied to each tree. When a

count of the eggs on the experiment and check was made, it was found

that a larger portion of the eggs on the sprayed trees, or 96.4 per cent,

hatched as compared with 95 per cent hatched on the control trees.

A duplication of this experience was encountered with the distillate;

here again no ovicidal properties were found to exist when applying

an 18 per cent emulsion. The trees were examined the day after

the material had been applied and it was found that nearly all of the

evidences of the oil had disappeared. When used within the bounds

of economy, both of these materials are lacking in sufficient penetra-

tion qualities to be considered a means of destroying leaf-roller eggs.

The results that were obtained with the crude oil proved disap-

pointing, also, from a point of control. The material was used in two
strengths, at the rate of 1 gallon of oil to 12 gallons of water and 1

gallon of the oil to 15 gallons of water. These emulsions were applied

May 27. The variety of trees in the experimental plats were twelve-

year-old Spitzenburgs on which many egg masses could be found.

On the day that the spray was applied the more advanced buds were

noted already burst and some of the first leaves were out. Upon
examining the plats a few days later many of the early leaves were

found to be injured. They, for the most part, were not burned but

t
seemed to be stunted and had an oily appearance for several weeks,

' a condition which was not observed in the other experiments. This

greasy condition existed on much of the foliage for several weeks,

retarding and causing a malformation of the leaf growth on many of

the trees. While the crude oil was being applied, a very strong wind
was blowing making thorough work very difficult. This may have
affected the results to a slight degree for a few egg masses here and
there were found to have been slighted. In experiment 9, or where
the 1 to 12 formula was used, 43 per cent of the eggs failed to hatch.
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In the check, 4 per cent only failed to produce worms. In the counts

that were made of fruit injury, this 43 per cent killing of unhatched

worms made a reduction of only 6 per cent in total fruit losses. On
the sprayed plat, 24 per cent of the fruit were damaged while 30 per

cent were injured on the control rows.

Nineteen per cent, only, were killed in experiment 10 where the

crude oil was used in a dilution of 1 to 15. Here, 26 per cent of the fruit

were found to have been injured by the worms as compared with 30

per cent in the check. To have obtained good results, a strength of

at least 1 to 8 should have been applied. It is clear that an apphcation

in this strength should be made only when the trees are entirely dor-

mant.

The results that were obtained from the miscible oil experiments

were highly satisfactory in every way. In fact, the figures show such

complete efficiency that those skeptically inclined might look upon
them with suspicion.' As has been stated before, the miscible oil

was applied in four strengths, 5,6,7, and 8 gallons to the 100 gallons

of water. Owing to the fact that a delay occurred in the receipt of the

material, followed by rainy weather, the emulsions were not applied

until April 3, at which time the trees—of the Newtown variety

—

were beginning to send out foliage. This foliage development was

sufficient to give the orchard a faint green coloration. In a few cases

the leaves about the fruit spurs had unfolded to such an extent as to

expose the tips of the fruit buds. The trees were thoroughly sprayed,

in fact drenched, five to six gallons being applied to each.

On the day following the spraying, the experiments were carefully

gone over; little or no foliage injury was observed. Two days later,

however, a large amount of foilage burn was found to have resulted.

In experiment 11, where 5 to 100 was used, the injury was of little

consequence. In the other experiments, the foliage burn was found

to increase in direct proportion with the greater strengths of oil used,

reaching a rather alarming condition in experiment 14 where 8 to 100

had been applied. In this plat practically all of the foliage that was

exposed dried up and dropped off within a week or two. At first it

was thought that many of the fruit spurs were killed; the leaves all

dropped away but most of the buds continued to grow and the result-

ing bloom was almost normal though many of the flowers seemed a

little smaller than those on the control trees. These were closely

watched and soon after the petals fell many of these smaller ones

dropped. Upon examining these weaker flowers, the bases of the

stems were found to invariably possess a brown discoloration—in

some cases they even seemed burned in much the same manner as

that found on the leaves. No other injury to the flower buds was
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Table L Arsenate of Lead

Results

No. of

Exp.

Date of

Applications
Materials Used

Trees

Sprayed

Spray

per Tree Fruit Counted Soimd Injured
Per cent

Injured

1. 1. April 3

2. April 14

3. May 1

4. May 29

Fruit sprayed only

Lime-sulfur 1-18

Arsenate of lead 2-50

Lime-sulfur 1-27

Arsenate of lead 2-50

Lime-sulfur 1-36

Arsenate lead 3-50

Lime-sulfur 1-30

Arsenate of lead 3-50

48

48

40

3i gal.

3? gal.

4 gal.

Exp. 1

1,022

Check 1,048

528

743

194

305

18.8

29.

2. 1. April 3

2. April 14

3. May 1

4. May 29

Fruit sprayed only

Lime-sulfur 1-18

Arsenate of lead 4-50

Lime-sulfur 1-27

Arsenate of lead 4-50

Lime-sulfur 1-36

Arsenate of lead 3-50

Lime-sulfur 1-38

Arsenate of lead 3-50

50

50

50

50

3i gal.

4 gal.

4 gal.

4 gal.

Exp. 2

1,062

Check 1,048

900

743

162

305

15.

29.

3. 1. April 3

2. April 15

3. May 1

4. May 29

Fruit sprayed only

Lime-sulfur 1-18

Arsenate of lead 2-50

Lime-sulfur 1-27

Only

Lime-sulfur 1-36

Arsenate of lead 3-50

Lime-sulfur 1-38

Arsenate of lead 3-50

50

50

50

50

3i gal.

3i gal.

35 gal.

35 gal.

Exp. 3

1,060

Check 1,019

800

800

2 0

279

24.5

27.5

4. 1. April 3

2. April 15

3. May 3

4. May 29

Fruit sprayed only

Lime-sulfur 1-18

Arsenate of lead 4-50

Lime-sulfur 1—27

Only

Lime-sulfur 1-36

Arsenate of lead 3-50

Lime-sulfur 1-38

Arsenate of lead 3-50

50

50

50

50

4 gal.

4 gal.

4 gal.

4 gal.

Exp. 4

1,102

Check 1,019

800

800

302

279

27.

27.5

5. 1. April 3

2. April 14

3. May 4

4. May 29

For fruit only

Lime-sulfur 1-18

Arsenate of lead 6-50

Lime-sulfur 1—27

Arsenate of lead 6-50

Lime-sulfur 1-36

Arsenate of lead 3-50

Lime-sulfur 1-38

Arsenate of lead 3-50

50

50

50

50

4 gal.

4 gal.

4 gal.

4 gal.

Exp. 5

1,177

Check 1,019

1,017

800

117

279

11.

27.5

6. 1. April 3

2. April 14

3. May 4

4. May 29

For fruit only

Lime-sulfur 1-18

Arsenate of lead 6-50

Lime-sulfur 1—27

Only

Lime-sulfur 1-27

Arsenate of lead 3-50

Lime-sulfur 1-36

Arsenate of lead 3-50

20

20

20

20

4 gal.

4 gal.

4 gal.

4 gal.

Exp. 6

This application was made on Johna-

thans, a variety which is not nearly as

susceptible to roller attack with a result

that no comparative counts were made.
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observed. Many of the small buds on the larger limbs which in time

would develop into fruit spurs were killed, with a result that in the

forming of new buds and the resulting foliage growth, the development

of the leaves on the plats seemed several weeks behind that of the

checks. Today, however (July 20) little or no visible difference in

the amount of foliage and fruit exists between sprayed and check

trees. In fact (perhaps my imagination) many of the sprayed trees

appear more vigorous and possess a richer green coloration than is

found in the checks. Just what effect this burning of the fruit spurs

will have on next year's crop is a point of interest that will be watched

keenly during this fall and next spring.

By referring to the table, the results that were obtained in the

miscible oil experiments will be noted. Egg counts were made to

determine the ovicidal properties of the various strengths, and fruit

counts were made to determine the percentage of injury caused by

the surviving worms. ^ It might be added at this point that the infes-

tation was not as severe in the oil plats as was found to occur in the

arsenate of lead experiments though both series were carried on in the

same orchard. The only explanation that can be offered is that the

Newtown appears to be more resistant to roller attack than the Spitz-

enburg. Owing to the fact that it was adjudged unsafe to apply the

oil to the Spitzenburgs on account of the advanced foliage condition,

Newtowns, whose development is more tardy, were substituted.

The infestation here was- about two thirds as severe as that existing

in the arsenate of lead experiments.

All of the miscible oil applications proved to be decidedly efficient as

agents in killing the leaf-roller eggs. In checking up the experiments

it was found that the numbers of hatching eggs taken from the different

plats varied directly with the strengths of oil used. These same

variations, though of very narrow margins, were found to exist when

the fruit counts were made.

In experiment 11, where 5 gallons to 100 were used, 92.1 per cent

of the roller eggs failed to hatch. In the check rows (two rows left

across the orchard on either side of which were two experimental

plats), 96.8 per cent of the worms emerged. When the countings

were made to determine the fruit injury it was found that the worms

that escaped the oil caused a 3.6 per cent injury. On the check rows,

18 per cent of the apples were damaged by the worms. In increasing

the oil to 6 gallons to the 100 in experiment 12, the efficiency increased

from 92.1 per cent to 98.8 per cent. In this experiment, 2.9 per cent

of the apples were injured by rollers or a very slight decrease from

that noted in number 11.
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In experiments 13 and 14 the results that were obtained seem to

approach the incredulous. The high percentages attained in de-

stroying the eggs is substantiated by the figures that were obtained

in counting the fruit for roller injury. In number 13, 99.3 per cent of

the eggs were killed and in number 14, out of 1,006 eggs examined,

only four hatched. This give a killing percentage of 99.6 per cent.

The fruit loss in this last experiment amounted to .8 per cent, eight

injured apples being found in examining 1,000.

In summing up the experimental results it is found that efficiency

is approached in experiment 5 where lead arsenate is used at the rate

of 6 pounds to the 50 gallons of water and obtained in experiments

11 to 14 inclusive where miscible oil was used. In comparing the

costs attached to using these materials, the miscible oil must be con-

sidered by far the more economical. The lead application costs for

materials alone in the neighborhood of $1.65 per tank of 200 gallons.

The miscible oil, as used in experiment 12, will cost about $1.50 per

tank and, as it cannot be used in combination, the application will

be extra. The marked increase in efficiency attained with the oil,

however, more than warrants its use. For complete safety to the

foliage, the oil applications should be made before the buds burst.

Apparently no permanent injury occurred in our experimental plats

this season from the late applications, but the margin of safety is

extremely small and such a proceedure should not be generally fol-

lowed.

The author wishes to thank Mr. F. W. Radford and Mr. Frank

Davidson for their generous assistance and cooperation which has

made possible the conducting of the large series of experiments during

the past season.

Vice-President Cooley: Mr. F. C. Bishopp will present the

next paper.

A PRELIMINARY STATEMENT REGARDING WOOL MAGGOTS
OF SHEEP IN THE UNITED STATES

By F. C. Bishopp and E. W. Laake, of the Bureau of Entomology ^

Introductory

The wool maggots, although pests of importance to sheep raisers,

have received practically no attention from investigators in the United

States. In Europe, especially in the British Isles, the wool maggot is

one of the most serious insect pests of sheep. In Scotland, in partic-

1 Published by permission of the Chief of the Bureau of Entomology.



October, '15] BISHOPP-LAAKE : WOOL MAGGOTS OF SHEEP 467

ular, every shepherd is farailiar with this type of injury, and the

watching of the flocks for infested animals and the destruction of the

maggots are a part of their routine work. The common green-bottle

fly, Lucilia sericata, is responsible for the trouble in Great Britain, and

also in parts of continental Europe. Only those animals which have

the wool considerably soiled with blood, faeces or urine are attacked.

This species of fly is abundant in the United States, and, in fact, is

almost world-wide in distribution.

The wool maggot assumes much greater importance in Australia

than in any other part of the world. This, of course, is due to a con-

siderable extent to the vastness of the sheep industry in that country.

Professor W. W. Froggatt^ states that during a single year the loss

due to wool maggots in Australia was conservatively estimated at a

million pounds. In that country eight species of flies are found to

blow sheep, namely, Calliphora villosa, C. oceanice, C. rufifaces, C. vari-

pes, Lucilia sericata, L. ccesar, Ophyra nigra, and Sarcophaga aurifrons.

Professor Froggatt states that until about ten years ago only wounds
of sheep were blown, but recently the flies appeared to have acquired

the habit of attacking sheep of all classes upon the slightest provoca-

tion. In Hawaii another species of Calliphora (C. dux) has been

reported by Van Dine^ as causing serious injury to sheep by blowing

the soiled wool.

Type of Injury and Species Concerned

In various parts of the United States the infestation of soiled wool

on sheep is not uncommon, and in certain sections this is a problem of

no little importance. Through the Central States the infestations

usually occur in mid-summer and are confined largely to lambs or

heavy wooled ewes which have the wool about the rumps soiled from

diarrhea, or from being kept in dirty paddocks. A similar condition

prevails in the Northwestern States, though infestations are infrequent

as far as has been learned. The species of the fly or flies concerned

in this injury has not been positively determined, although it is be-

lieved that the green-bottle flies, Lucilia sericata and L. ccesar, are

responsible, at least in part.

In southwestern Texas, where the sheep industry is one of large

extent, a somewhat different condition prevails. The most acute

trouble occurs early in the spring, usually during April. The injury

is of two types. First, the infestation of the wool about the rumps

^ Froggatt, W. W., 1914. Sheep maggot flies in Australia. Bulletin of Entomo-

logical Research, Vol. 5, Pt. 1, pp. 37-39, April.

2 Van Dine, D. L. and Norgaard, A. A, 1908. Abstract of a preliminary report on

insects affecting live stock in Hawaii. Proc. Hawaiian Live Stock Breeders Assoc.,

pp. 19-70.
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of ewes following lambing, and, second, the blowing of the wool about

the base of the horns of rams. Owing to the fact that the sheep in

this region receive no shelter during the winter and for the most part

are dependent upon the range for food, lambing usually takes place

during March and April. If lambing is undertaken earlier than this,

the adverse weather conditions often cause considerable losses, and if

extended beyond the first of May the screw-worm fly, Chrysomyia

maceUaria, is responsible for enormous losses among the ewes and
newl}^ dropped lambs. Showers which fall early in April are often

followed by periods of warm, muggy weather and this condition i&

most favorable for fly attack. Practically all of the rams in western

Texas have horns and their infestation is stimulated by slight wounds
or bruises about the head which are often produced b}^ fighting. In

some cases dehorning is practiced, and, if the horns are not completely

healed before the warm weather begins, infestation almost invariabh^

follows.

The infestation of ewes is largely confined to the rump. Although

the flocks are divided up considerably^ and each group is under the

care of a herder, often the infestation proceeds for some time before it

is noticed. At first the maggots confine their attack to the matted

hair, usually working close to the skin. The inflammation produced

soon results in the complete denudation of the portions attacked and

the production of highly inflamed and practically raw areas. The
maggots continue to spread into the adjacent wool from these centers

and in mam^ cases, if not destroyed, also penetrate the skin and soon

cause the death of the sheep. In order to remove the infestation it

is sometimes necessary to shear large areas in addition to the loss of

wool caused by the larvae themselves.

In the case of infested rams, the larvae work for some little time

immediately around the base of the horns. The condition produced

extends the favorable breeding places, and in many cases the larvae

enter the ears and there produce additional complications. Infested

sheep rapidly fall off in condition and soon refuse to eat. This reduces

the milk supply of the ewes which sometimes results in the death of

the lambs. It is stated by men who make a business of rearing rams

that some years as high as one third of the rams in the state of Texas

are lost on account of maggot and screw-worm infestations. The
conditions produced by the wool maggots when infestations take place

late in the spring frequenth' induce the attack of screw-worms.

Investigations conducted by the writers, during the spring of 1915;

showed that the common black blow-fly, Phormia regina, was respon-

sible for infestations in both of the above-mentioned places of attack.

So far as the writers are aware, this is the first record of this species

attacking soiled wool of sheep.
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Some wool maggot infestations take place in western Texas during

mid-summer and early fall, especially after the wool begins to get

fairly long following the spring shearing. It is thought that Lucilia

sericata is probably mostly concerned in these attacks although speci-

mens have not been reared. Phormia is entirely absent or very

scarce during mid-summer in Texas as will be discussed later, hence it

could not be the culprit in this instance.

Seasonal History of Phormia regina

This species is widely distributed in the United States. It shows

considerable differences in seasonal history in different sections of

the country. In the Southern States the fly is active throughout

the winter, although it may disappear for a few days during cold

periods. It usually reaches its greatest abundance in the early spring,

diminishing as hot Aveather comes on. During hot, dry seasons, in

particular, the adults are not to be found in nature during June,

July and August, although at Dallas, Texas, we have succeeded in

keeping them breeding in cages throughout the summer. In the

northern part of the country the fly is, of course, absent during the

coldest weather, but is to be found in large numbers during the spring

and fall, and in the extreme north is abundant throughout the summer.
At Dallas, Texas, we have kept the species breeding throughout the

winter, and it is not uncommon to find carcasses in nature which are

literally swarming with maggots of this species during mid-winter.

During the coolest weather the development is materially retarded,

especially in the pupal stage. It is therefore most probable that in

northern latitudes the insect passes the winter in the soil either in the

pupal or pre-pupal condition.

Some rather interesting observations on the wintering of P. regina

as compared with Lucilia sericata and other flies, including the screw-

worm fly, Chrysomyia macellaria, were made on material collected on

carcasses or butchers' offal in the autumn of 1914. One large lot of

larvae collected on offal on October 28, 1914, was fed on meat placed

on sand at the laboratory in Dallas. Many were migrating during

the nights of October 29 and 30 and many had pupated November 2.

P. regina and C. macellaria began emerging November 14. Emergence

in large numbers continued till the end of the month when adults of

C. macellaria became few, P. regina continued to appear in good num-
ber till December 9, when emergence ceased entirely. On this date

adults of Lucilia sericata began to appear, but all emergence stopped

during the cold weather, until February 8, when L. sericata again

began emerging and continued to appear more or less regularly up
to^April 15. The maximum emergence of L. sericata occurred about
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the middle of March. Five specimens of Sarcophaga sp. emerged,

these appeared on March 30, April 2, 10, 13 and 15.

Other large supplies of larvae and pupae collected in the fall showed
very similar results as regards emergence; the adults of P. regina

emerge when the temperatures are moderate in fall and spring but the

Lucilias do not appear till later in the spring.

The seasonal occurrence of infestations of P. regina in Texas appears

to range from the beginning of lambing, which is about December 1, to

shearing time. Shearing is begun in April and extends to June,

the ewes being the last to be shorn. The cessation of injury in early

summer is due to the dimunition of the number of Phormia and more
especially to the abolition of favorable places for attack by the removal

of the wool.

Life-History AND Habits of Phormia regina

So far as we have observed, Phormia regina breeds exclusively in

animal matter or in substances in which animal matter is intermixed.

The species is found very generally distributed where it normally

occurs. Specimens have been observed far from any habitation, and

it is also very commonly met with in the center of large cities. While

the flies visit freshly killed animals and fresh blood, they show a special

predilection for meat which is in a decaying condition and consequently

having a strong odor. It is probably the odor of the soiled wool,

especially when some blood is present, which attracts the flies to the

living sheep. This species has been observed to breed in large num-
bers in the paunch contents of cattle which has been more or less

saturated with blood during slaughtering. They do not deposit eggs

in this material if no blood is present.

Under range conditions it has been found that carcasses of large

domestic animals are responsible for the vast majority of flies present.

During the fall, winter and early spring probably nine-tenths of the

flies which breed in carcasses are of this species. Small wild animals

and birds also supply favorable breeding places.

The adults feed freely on various substances but are especially

attracted to juices from animal matter. They are rarely observed

on fecal matter if no blood or animal tissue is present. Human faeces

and excrement of hogs are much more frequently visited than droppings

of herbiverous animals.

In cages ranging up to 10 x 10 x 6 feet, flies were found to require

from six to eighteen days after emergence before oviposition began.

The adults show a marked tendency to deposit their eggs in large

masses. This tendency is more noticeable than in other meat-infest-

ing species. Hatching takes place in less than twenty-four hours up
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to about four days. Eggs deposited on living animals probably hatch

in eight or fourteen hours. The larvse complete their growth in from

four to seventy-six days, and shortly before pupation show a marked

tendency to migrate from the material upon which they have been

feeding. They usually enter the ground, sometimes to a depth of

thtee or four inches, but some pupse may be found under loose objects

lying on the surface of the soil. The pupal stage ranges from three

days to over a month. The larvse and pupal periods are shortened

somewhat as the mean daily temperature increases but excessively

hot weather is detrimental to breeding, apparently, however, affecting

the adults even more than the immature stages.

The total developmental period ranges from nine to at least seventy-

six days.i Dr. E. P. Felt,^ working at Nassau, N. Y., records the

duration of stages in this species as follows: Egg stage, 8 to 24 hours;

1st larval stage, about 3 days; 2d larval stage, 2 to 3 days; 3d larval

stage, active feeding period, 3 days; period from entrance into soil to

first adult emergence, 14 days. Thus about twenty-three days were

required for the cycle from egg to adult. The accompanying table

includes some of our data on developmental periods.

Table L Developmental Periods op Phormia regina at Dallas, Texas

Date

Eggs

Deposited

Date

Hatched

Incu-

bation

Period

Dates of Pupation

Larval

Period

Dates adults emerged

Pupal

Period

Total

Develop-

mental

PeriodFirst Last First Last

1914 Days Days Days Days

Apr, 11. Apr. 15, 3f Apr. 24 Apr. 29 9 to 14 May 2 May 5 8 to 11 21 to 24

3 p.m. 10 a.m.

Apr. 14 Apr. 15, 1 or 2 Apr. 25 9 or 10 May 4 May 5 9 to 10 20 to 21

p.m. or

Apr.l6,a.m.

May 24-25 May 26 lto2 May 31 June 3 5 to 8 June 6 June 8 6 to 8 12 to 15

May 18 May 19 1 May 27 May 29 8 to 10 June 3 June 5 7 to 9 16 to 18

May 27 May 28 1 Jime 1 June 3 4 to 6 June 8 June 10 7 to 9 12 to 14

June 19 June 20 1 July 24 4 July 28 4 9

June 8 June 9 1 June 13 June 16 4 to 7 June 19 June 20 6 to 7 11 to 12

Sept. 19 Sept, 20 1- Sept. 28 Sept. 29 8 to 9 Oct. 5 Oct. 8 7 to 8 16 to 19

1915

Oct, 22 Oct, 23 1± Nov, 11 Nov, 20 19 to 28 Dec. 4 Jan. 6 23 to 56 43 to 76

1915 1915 1915

Dec. 191 Feb, 12 Mar. 5 55+ to 76+ Mar 5 21 to 45 76+ to 90±

1915 1915 to 29

May 18 May 19 1± May 25 May 27 6 to 8 May 31 June 1 6 to 7 13 to 14

' Larvse from one-half to full grown collected on date.

^ The developmental periods of P. regina, Lucilia sericata and L. coesar as compared

with several other meat-breeding flies are summarized by one of the authors (Bishopp)

in the Journal op Economic Entomology, VIII, pp. 325-329, 1915,

2 Felt, E, P,, 1913. BuU. 165, N. Y. State Museum, pp, 75-79, pis, 3-6.



472 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 8

When caged without food the longevity of the adults is rather short,

ranging from two to eight days. Supplied with suitable food and
meat upon which to deposit they have been observed to live as long

as ninety-three days in winter and thirty-one days in April and May.
The longevity decreases as hot weather approaches.

Seasonal History of Lucilia sericata

This species is to be seen through the year in the Southern States

'except in the coldest periods in winter. It is not so plentiful, however,

in late fall, early spring and in warm periods in mid winter as is P.

regina. Reproduction does not often take place in winter even in the

extreme South. The adults are present throughout the summer
though then often diminish in numbers during excessively hot dry

periods. In Texas the winter is passed in the larval and pupal stages

in the soil or beneath carcasses. It is almost certain that in the North,

also, the same condition prevails. Attempts to get the adults to pass

the winter in cages have been unsuccessful. Some information re-

garding wintering is given under the discussion of the seasonal history

of P. regina.

Life-History and Habits of Lucilia sericata

This species has a wide distribution in North America. It is more

closely associated with human habitations than P. regina or C.

macellaria, being very common in back yards and in alleys even in

large cities. It is seldom seen on the range and in pastures far from

houses. Garbage, including all sorts of kitchen refuse, is attractive,

and damaged fruit is a favorite food for the adults. The flies are not

infrequently seen in dwellings and often collect in great numbers under

ornamental vines and beneath the leaves of vegetables, especially

cucumbers and melons. They visit flowers to some extent and are

strongly attracted to honey-dew on plants.

We have not succeeded in securing depositions or rearing larvae on

other substances than animal matter. Eggs are freely deposited on

raw or cooked meats in various stages of decay and on carcasses of all

kinds. As has been stated, this is the species responsible for maggoty

wool in Great Britain and doubtless is the principal cause of cases of

blown sheep which occur in mid-summer in this country. Mr. H. F.

Hudson^ has recently reported an instance in Ontario in which a calf

suffering from white scours became infested around the vent by this

green-bottle fly. Two cases have been observed by the senior author

in which tame rabbits, having injuries on their backs from fighting,

became infested and were ultimately killed by maggots of this species.

1 Hudson, H. F., 1914. Canadian Entomologist 46, p. 416, December.
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The longevity of the adults when kept without food is very short,

from one to three days. When supplied with suitable food, we have

observed a longevity of ten to forty days. The period from emergence

of the adults to the beginning of egg-laying ranges from four to twenty-

one days. Incubation varies much with the temperature, usually

slightly less than twenty-four hours are required, but somewhat shorter

periods have been observed, and the maximum incubation period which

we have noted is seven days. The developmental periods are shown

in the accompanying table.

Table IL Developmental Periods of Lucilia sericata at Dallas, Texas

Date

Eggs

Deposited

Date

Hatched

Incu-

bation

Period

Dates of Pupation

Larval

Period

Dates Adults

Emerged
Pupal

Period

Total

Develop-

mental

PeriodFirst Last First Last

1913 1913 Days 1913 1913 Days 1913 Days Days

July 28 July 29 Aug. 3 5 Aug. 8 5 11

Aug, 16 Aug. 17 Aug. 26 9 Aug. 31 5 15

1914 1914 1914 1914 1914 1914

Sept. 4 Sept. 5 Sept. 9 Sept. 10 4 to 5 Sept. 14 Sept. 17 5 to 8 10 to 14

1915 1915

Oct. 21 Oct. 22 Nov. 5 Mar 15 14 to 144 Dec. 21 Apr. 18 46 to 164 61 to 179

1915

Oct. 22 Oct. 23 l=t Nov. 11 Apr. 5 19 to 164 Apr. 10 Apr. 22 150 to 162 170 to 182

1914

Oct. 24 Oct 25 l=fc Nov. 11 Apr 5 17 to 162 Dec. 5 Apr, 22 24 to 162 42 to 180

Before After 1915

Oct. 29 Oct 30 1+ Feb. 11 Mar 5 104- to 126+ Apr. 6 Apr. 19 54 + to 67 159 to 172

After

Nov. 1 Nov. 2 1± Nov. 17? Mar. 5 15 to 123 Mar. 17 Apr. 15 121? to 149? 137 to 166

1915 1915 1915

Apr. 24 Apr. 25 1± Apr. 30 May 3 5 to 8 May 10 May 20 10 to 20 16 to 26

Apr. 25 Apr. 26 May 1 May 6 5 to 10 May 14 May 17 13 to 16 19 to 22

Apr. 26 Apr. 27 ld= May 2 May 14 5 to 17 May 13 May 20 11 to 18 17 to 24

Apr. 27 Apr. 28 May 5 May 14 7 to 16 May 15 June 5 10 to 31 18 to 39

Suggestions Regaeding Control

In this preliminary paper it is not desired to discuss at length various

means of repression which may be of value, but a few of the principal

points will be touched upon. In order to mitigate the injury due to

these species it is essential that greater care be exercised in destroying

carcasses of animals. These should be burned as soon as possible after

death. In case of shortage of fuel it is sometimes more feasible to bury

carcasses, especially of small animals. Preliminary experiments with

the burial of carcasses indicate that under most conditions it is neces-

sary to cover an infested animal with two feet of earth in order to pre-

vent the flies from emerging. If an animal is buried before infestation

takes place, a few inches will suffice to protect it from infestation.
3
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The treatment of carcasses with, borax and certain other chemicals has

given fair results but is not as satisfactory as burning.

To prevent infestation of sheep following lambing it is desirable that

lambing be done during the winter whenever practicable. In some
cases this will necessitate changes in range practices, including the

feeding of ewes and furnishing shelter for them. Where lambing is

done during weather which is conducive to fly breeding, it is important

that the flocks be divided into fairly small imits and carefully watched.

In exceptionally bad seasons, the sj^stematic trimming of the soiled

wool from between the legs and around the vent of the ewes is a good

preventive. An effort should be made to keep the sheep in strong,

healthy condition and avoid scouring. Xo doubt dipping the rumps
of sheep in repellant solutions will also prove beneficial although some

damage to the wool would usually result. Investigations along this

line have not been completed.

It is very desirable that strains of hornless sheep be developed for

use throughout the United States, especially in regions where wool

maggots and screw-worms occur in numbers.

In treating infested sheep it is important to trim the wool away so as

to allow the insecticide used to thoroughly reach the maggots, and to

lessen the danger of reinfestation. The trimming should be begun

around the outside of the infested area so as not to drive the maggots

back into the clean wool. Concoctions containing a considerable

percentage of chloroform have been found effective in destroj^ing the

maggots. It is advisable to add a small quantitj^ of oil of tar to the

material used to act as a repellant for the flies.

A hymenopterous parasite, presumably Xasonia hrevicornis Ash-

mead, has been found to breed freely in the puparia of a number of

carrion infesting flies, including P. regina and the two species of Lucilia.

As many as thirty-five parasites have been observed to develop within

one puparium. Ten puparia of a species of Sarcophaga exposed to

parasitism produced 343 adult parasites. The developmental period

at Dallas as observed by the junior author ranges from nineteen days

upwards. Considering the comparatively short period required for

development and the reproductive capacity of an individual parasite,

this species is to be looked upon as an important natural check to fly-

breeding. Often where the puparia are concentrated, as around a

carcass, a high percentage of parasitism results. Other parasites have

been reared but this one is most important.

Yice-Presidext Cooley: The next paper will be presented by

Mr. E. D. Ball.
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FIELD NOTES ON GRASSHOPPER OUTBREAKS

By E. D. Ball, Logan, Utah

(Withdrawn for piihlication elsewhere.)

Adjourned 4.30 p. m.

Morning Session, August 10, 1915

The session was called to order at 10.15 a. m. by Vice-President

Cooley.

Vice-Presidext Cooley: The first paper will be read by ^Ir.

C. E. Pemberton.

THE EFFECT OF COLD STORAGE TEMPERATURES UPON
THE EGGS AND LARV^ OF THE MEDITERRANEAN

FRUIT FLY

By E. A. Back and C. E. Pembektox, Honolulu, T. H.

{Withdrawn for publication elsewhere.)

Vice-Presidext Cooley: The next paper is by ]Mr. A. L. Melan-

der.

VARYING SUSCEPTIBILITY OF THE SAN JOSE SCALE TO
SPRAYS^

By A. L. MeLANDER, Pullman, Wash.

There seems to be no doubt but that sulphur-lime has ordinarily

been a most efficient scalecide. In the arid region at Wawawai, Wash-
ington, Piper twelve years ago was able to announce complete destruc-

tion of the San Jose scale in one to two weeks after the application.

Similar quick results have been observed in recent years with scales

from Wenatchee. On the other hand, this insect is becoming increas-

ingh' prevalent in some of the older fruit sections of Washington, nota-

bly at Clarkston, and a critical investigation shows that not onh' are

the scales slow to succumb to the effects of sulphur-lime but that there

is a pronounced and great individual difference, many scales mani-

festing even a complete immunity to this insecticide.

^ Contribution from the Zoological Laboratory of the State College of Wasliington.
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After witnessing encrusted scale insects surviving a bath ten times

normal strength, or others still alive and growing after three biweekly

sprayings of a stronger than usual sulphur-lime, one cannot agree with

the statement that the prevalence of the insect is due to faulty appli-

cation. It must be due in part at least in these cases to an inherent

vigor of the insect to withstand the toxic effects of the spray. To
determine the range of individual susceptibility to this and other sprays

and to ascertain the proportion of immune individuals, and thus to

measure the biological difference in scales from several localities, the

Washington Experiment Station some years ago instituted a series of

experiments in which identical solutions were spraA^ed at selected

places. The results of the tests of 1913 were reported at the Atlanta

meeting of the Association of Economic Entomologists and were pub-

lished in the Jouenal of Economic Entomology for April, 1914.

It is the purpose of this paper to announce the results obtained this

year, which, while corroborating the previous seasons' tests, show
even a greater range in susceptibility among the scales from various

localities.

The plan of the experiment took as a standard three-degree factor}^-

made sulphur-lime, comparing this with both stronger and weaker

sprays and checking against oil emulsions as well as against no spraj^-

ing at all. The sulphur-lime concentrate tested thirty-four degrees

Beaume and was made at the Petrie plant at Clarkston. This was

diluted for tests at five degrees, three degrees and two degrees. Thom-
son's Orchard Brand oil emulsion at 5 per cent strength was used as

in the tests of the two preceding years. Owing to difficulty in emulsi-

fying crude oil with the liquid soap at hand the results with this insec-

ticide were not promising and will be neglected in the present discus-

sion. A sulphur-soda spray known as Soluble Sulphur also was used

at each place made up in concentrations equivalent to the sulphur-

limes used. For comparison w^ith the tests made in preceding years

the spraying was done at Clarkston, Walla Walla, Sunnyside, North

Yakima and Wenatchee, although different trees w^ere used at all the

places except Sunnyside. Apples were used throughout the experi-

ments.

The applications were given just previous to the swelling of the

buds, a narrow cylinder bucket pump and Bordeaux nozzle being em-

ployed. The selected branches were more than drenched with a driv-

ing spray so as^to avoid the possibility of missing any individuals.

Whenever there was any danger of the spray drifting to other selected

branches the parts being treated were isolated by large cloth sheets

previously rendered water-proof by immersion in a gasoline solution

of mutton tallow.
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At intervals of two or three weeks, sample branches were pruned

from each test and the condition of the sprayed scales was noted by

dissection under the prism binocular microscope. The numbers of

living and dead scales were recorded by means of a pair of tally reg-

isters operated by the examiner's feet. Here, naturally, enters the

personal element in forming a decision in the case of dying or just

dead scales. Practically all the counts were made by A. L. Melander

and M. A. Yothers checking against each other from different samples

of each test, and in the following tabulations the percentages given

are the average of their two counts. Not only is it extremely difficult,

if not impossible, to decide just when a scale insect dies, but the last

counts were further vitiated by certain scales dropping from the

branches. This seemed to be particularly true where the stronger

sulphur sprays were used, and forms a factor that should not be

neglected when discussing the insecticidal properties of these sprays.

It seems that a polysulphide spray changes the waxy covering so as to

render it difficult for the awakening scale to attach its spring secre-

tions. Thus in some instances the body of the insect grows beyond

the scale-covering, loosening and raising it from the plant epidermis

so that ultimately it falls off. Such unprotected individuals perish

and drop from the branches. While this mode of death is more or

less of a factor in sulphur-lime treatment, yet it is not of great impor-

tance unless the spray is used unduly strong.

Sulphur-lime is supposed to kill principally by chemical suffocation,

due to its strong affinity for oxygen. During the reaction the pro-

toplasm of the insect changes in appearance, becoming viscous and in

color luteous yellow until further change darkens the protoplasm to a

brown and changes its consistency to an oily meal. Just when the

transition point occurs where this reaction ceases to be reversible and

death ensues is unknown, but in interpreting results the insect at the

viscous, luteous stage is considered dead. During warm weather the

moisture of the protoplasm quickly disappears as soon as the insect

dies, and hence when scales die from the first shock of deoxygenation,

their dead condition can be interpreted within a few days or weeks.

Furthermore, in making these counts, only the small blackish over-

wintering scale insects are considered, since overwintering adults are

of extremely rare occurrence. After the males had emerged, their

empty shells were rated as living insects in order not to disturb the

balance of the sexes at the last count. Whatever element of uncer-

tainty might appear in making determinations of doubtful cases is

largely offset by the large numbers counted, for during the season

over 170,000 scales were individually dissected from the branches and
their condition recorded.
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Wenatchee

In previous years sprays used at Wenatchee have shown their final

value within two w^eeks' time. This year the first counts, twenty

days after the application, showed about 40 per cent of the individ-

uals still in living condition whenever sulphur sprays were used. Oil

. prayed insects after the same interval were completely killed. The
second count, however, thirty-seven days after spraying, uniformly

showed practical extermination, only 1 to 3 per cent of the scales being

rated as alive. This was also the condition recorded at the final count,

twenty-four days later. The following tabulation briefly gives the

proportion of living insects at the successive counts:

20 days 17 days 24 days

Sulphur-Hme, 5° 45% 2.3% 1.4%
Sulphur-lime, 3° 34 0.8 1.6

Sulphur-lime, 2° 48 3. 2.2

Sulphur-soda, 2° 50 1.1 1.8

Oil, 5% 0 0 0

Check 53 67 45

North Yakima

Tests of 1914 carried on by M. A. Yothers indicated that the San

Jose scale at North Yakima died about as slowly from the effects of

sulphur-lime spraying as at any of the other places of the circuit. This

year the first counts, twenty-one days after the application, showed

about 50 per cent of the insects still ahve. The second count hovered

around 20 per cent, and the third around 10 per cent. The several

proprietary oil sprays used gave much more rapid and effective results,

practically exterminating the insects by the twentieth day.

21 days 19 days 12 days 30 da^s

Sulphur-lime, 5° 36% 19% 4% 10%
Sulphur-lime, 3° 49 17 2 3

Sulphur-Hme, 2° 35 31 3 8

Sulphur-soda, 3° 45 26 9 25

Sulphur-soda, 2° 58 24 8 24

Oil, 5% 1 1 0.2 0

Check 88 83 67 74

There is some uncertainty ^s to the best time to apply sulphur-

lime. The general custom in Washington does not call for fall spray-

ing, but formerly applications in early February or late January were

in vogue. The tendency is to postpone this spraying, possibly due

to the influence of the introduced budmoth and twig-borer which

require later spraying, until now the winter application is not begun
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until the middle of March and is continued into April, in some

instances deferred even until the trees are coming into leaf. Accord-

ingly, in order to obtain critical evidence bearing on this problem cer-

tain treatments were repeated on March 26, nineteen days after the

original tests were given. While the information they afford is not

conclusive, these tests indicate that later sprayings are much less

dependable than the earlier. The insects die in both cases at about

the same rate during the weeks immediately follo^^ng the spraying,

but when growth sets in there is a larger proportion of survivors in

the case of late spraying and these indi\dduals, no longer subject to

the action of the weathered spra^^, are able to negative the effects of

the spraying. The following tabulation shows what a large propor-

tion of scales are able to withstand a late application at North Yakima:

21 days 12 days 29 days

Sulphur-lime, 3° 28% 22% 26%
Sulphur-lime, 2° 29 47 49

Sulphur-soda, 3° 41 38 48

Sulphur-soda, 2° 44 43 43

Walla Walla

Sulphur-lime has been used at Walla Walla probably as long as

anywhere in the northwest and if its influence is selective, hardy scales

should be expected to occur here. The tests with the same materials

that were used at the other stations gave uniformly poor results in

the case of sulphur sprays but the oil spray again afforded complete

and rapid extermination. It should be noted that by the time of the

final examination the male insects had long since emerged and the

females were gravid with young.
20 days 15 days 20 days

Sulphur-Hme, 5° 49% 35% 34%
Sulphur-Kme, 3° 48 28 27

Sulphur-Hme, 2° 57 37 27

Sulphur-soda, 3° 36 28 32

Sulphur-soda, 2° 53 42 36

on, 5% 1 0 0

Check 92 89 72

Clakkston

Clarkston at the present time is probably as badly over-ridden with

San Jose scale as any fruit district. The destruction wrought by
this insect is almost inconceivable : cherry and peach trees are dying

throughout the lower part of the flat and the apple and pear crop is

so badly specked with scale as to be unmarketable. Conditions in

the adjacent district, Vineland, higher in elevation, are not nearly
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SO bad, however, While part of the infestation, here as elsewhere, is

unquestionably due to faulty application, inefficient methods cannot

be blamed for everything. The spraying tests below recorded were

carried out thoroughly. The weather was ideal and the insects were

drenched with liquid. Nevertheless none of the sulphur sprays

afforded anything like satisfactory control and this year even the

Orchard Brand of oil failed to give its usual complete success. Un-
questionably under conditions like this, sulphur-hme as well as other

sulphur sprays should be abandoned in favor of other materials having

different insecticidal properties.

20 days 15 days 15 days 20 days

Sulphur-Hme, 10° 65% 41% 28% 43%
Sulphur-lime, 5° 35 41 39 45

Sulphur-lime, 3° 92 59 45 45

Sulphur-lime, T 69 63 61 32

Sulphur-soda, 3° 86 51 67 29

Sulphur-soda, 2^ 97 72 67 46

OU, 5% 7 5 3 3

Check 89 98 94 55

This investigation has shown that differences in results from spray-

ing are due to locality rather than to the strength of the solutions used.

There is a much greater variation in the effectiveness of the three

degree sulphur-lime comparing Wenatchee and Clarkston than there

is when comparing a two-degree with a ten-degree sulphur-lime used

at "Clarkston alone. This contrasting difference between Wenatchee

and Clarkston cannot wholly be ascribed to climate, nor to the con-

dition of the trees, nor to the water used in diluting the sprays, nor to

comparative thoroughness of application, nor apparently to any com-

bination of extrinsic factors. The prevalence of scale at Clarkston

and its scarcity at Wenatchee where effective spraying has kept it in

complete control, further bear out the supposition that there is an

inherent biological difference in the insects of the two places.

Vice-President Cooley: Could you find no other cause than

heredity for the resistance to treatment?

Mr. a. L. Melander: That is the only cause that has been de-

termined thus far.

Mr. S. W. Foster: In comparing treatment on different trees, the

weather conditions should be similar at the time parallel tests are

made. A variation of a week's time in doing part of the spraying

might give quite different results.

Mr. a. L. Melander: In the tests mentioned the weather con-

ditions were as near similar as possible.
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Mr. F. C. Bishopp: Was there a record of the previous treatment

that had been appUed to the orchards mentioned?

Mr. a. L. Melander: We have a record for ten years in the or-

chard at Charleston, where 5 per cent to 10 per cent survived treat-

ment. In some cases we got as good results with a weak as with a

heavy spray. In some cases from 20 per cent to 50 per cent of the

insects survived treatment.

Vice-President Cooley: The next paper will be read by Mr. H.

F. Wilson.

THE TOXIC VALUES OF THE ARSENATES OF LEAD

By H. V. Tartar, Chemist, and H. F. Wilson, Entomologist, Oregon Agricultural

College Experiment Station

For several years investigations have been carried on at the Oregon

Agricultural Experiment Station to determine the relative insecticidal

values of the different insecticides in common use. The problems

taken up have involved both chemical and entomological work and

the^ data obtained show some very interesting results. Among other

things the work done has shown that there are two different arsenates

of lead present in the commercial material and that they are quite

variable in their action and efficiency. We designate these compounds
as lead hydrogen arsenate (acid) and basic lead arsenate (neutral) and

experiments made, using both substances in a pure state, show that

the first is quicker acting than the second and apparently more efficient

in strengths containing equal amounts of arsenic. The data pre-

sented in this paper deal with experiments conducted to determine the

comparative toxic value of these compounds.

Considerable difficulty was experienced in securing a satisfactory

agent for the determination of these toxic values. Very few insects

were found to occur in desirable numbers and all of them are present

only for a more or less limited period. Of these the common tent

caterpillar, Malacosoma pluvialis Stretch, was found to offer the

best means. This species occurs gregariously in colonies of a hundred

or more individuals and during the months of April, May and June

large numbers of the larvse are available. They also feed on all kinds

of foliage and eat greedily so that the poison is easily fed to them.

The general plan of the work was to cover the leaves of the twigs

with the arsenates in different strengths; then, by the use of some

insect which would feed on the foliage, to determine the comparative

killing properties and finally to determine by chemical analysis the

exact quantity of arsenic consumed.
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The Expeeimexts

An effort was made to use a certain set number of larvae for each ex-

periment but this was found to be unsatisfactory as the individuals

clung to the nests and were frequently injured in handling. The next

best method was to remove all the foliage from one or more tents and

then to fasten the tents to the twdgs. In a short time the caterpillars

migrated to the leaves and began feeding.

Two sets of experiments were carried on to secure an even coating

of the poison on the leaves. In the first set the poison was weighed

out and placed in an aquarium jar with the water. This mixture was

thoroughly agitated and two small apple twigs were then immersed

in the suspension and placed in bottles of water to prevent wilting.

In the second set the poison was applied as a spray by means of an

ordinar}^ glass hand-sprayer. Xo difference could be noted in the

apparent amount of poison present on the leaves b}^ either of these

means of application. As soon as the foliage became dry the cater-

pillars were placed on the twigs.

Each morning following, the dead larvae, measuring near an inch

in length, were gathered, counted, and placed in glass bottles. At the

conclusion of the experiments these samples were analyzed for arsenic

content

.

The following strengths were used:

Series I

2 to 50 gallons of water (L.H.A. and B.L.A.i) 10.3 grams to 2000 cc. H2O
2 to 100 gallons of water (L.H.A. and B.L.A.) 5.18 grams to 2000 cc. H2O
2 to 200 gallons of water (L.H.A. and B.L.A.) 2.59 grams to 2000 cc. H2O
2 to 400 gallons of water (L.H.A. and B.L.A.) 1.295 grams to 2000 cc. H2O
2 to 800 gallons of water (L.H.A. and B.L.A.) .6475 gi'ams to 2000 cc. H2O

The first three sets were apphed April 22, the other two April 23, 1915.

Series II

2 to 50 gallons of water (L.H.A. and B.L.A.) 2.59 grams to 50 cc. H2O
2to 100 gallons of water (L.H.A. and B.L.A.) 1.281 gi'ams to 50 cc. HjO
2 to 200gaUonsof water (L.H.A. and B.L.A.) .647 gi'ams to 50 cc. H.O
2 to 400 gallons of water (L.H.A. and B.L.A.) .3237 grams to 50 cc. H2O
2 to SOOgallonsof water (L.H.A. and B.L.A.) .1618 grams to 50 cc. H2O
2 to 1200 gallons of water (L.H.A. and B.L.A.) .1067 gi^ams to 50 cc. HgO

The first series was applied ^lay 5; the other five ^lay 4.

The larvae were gathered each day from paper placed under the

vessels containing the twig. The data obtained are tabulated as

follows

:

1 L.H.A. =Lead H3-drogen Arsenate; B.L.A. =Basic Lead Arsenate. The former

contains approximately 33 per cent arsenic oxide, the latter 25 per cent.
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Series I

No.
Kind of Spray

Applied

April

24

April

25

Drop

April , April

26 27

April

28

April

29

Total

Drop

I 2:50 L.H.A. Apr. 22, 1915 325 46 30 20 24 445

2:50 B.L.A. Apr. 22, 1915 12 17 98 48 30 205

2 2:100 L.H.A. Apr. 22, 1915 56 101 94 51 39 341

2:100 B.L.A. Apr. 22, 1915 23 82 57 33 202

3 2:200 L.H.A. Apr. 22, 1915 46 60 103 121 33 9 371

2:200 B.L.A. Apr. 22, 1915 5 6 40 101 68 220

4 2:400 L.H.A. Apr. 23, 1915 88 57 104 83 332

2:400 B.L.A. Apr. 23, 1915 14 42 57 88 201

5 2:800 L.H.A. Apr. 23, 1915 43 110 177 88 418

2:800 B.L.A. Apr. 23, 1915 ;: 3 43 108 137 291

Series U

No. Sprays
Date

Applied

May
5

May
6 7 8 9 10 11

May 12 May 13
Total

1

AL2:50

L.H.A.

AL2:o0

B.LA.

May 5

May 5

21

3

103

128

83

169

69

53

36

201

33

126

5

66

2

38

(all dead)

352

784

2

AL 2:100

L.HA.

AL 2:100

B.L.A.

May 4

May 4

9 45

6

69

17

95

108

3

19

19

41

240

191

3

AL 2:200

L.H.A.

-\L 2:200

B.LJi.

May 4

May 4

65 123

12

209

77

118

139

31

34

107

75 46 20

653

453

4

AL2:4C0

L.H.A.

AL 2:400

May 4 19 77

5

154

21

192

87

44

65

85

42

33

34 30

604

284

B.L.A. (20 more or

less alive)

AL 2:800 5 61 106 175 59 97 30 35 568

5 L.HA.

lAL 2:800 3 12 49 21 36 25

(several

alive)

6 152

B.L.A.

AL 2:1200 12 36 163 115 77 42 93 (a few

alive)

236 L.H.A.

AL 2:1200 7 23 44 39 46

(picked off)

42

561

(picked off) 22 223

(at least 25

feeding on

first foliage)

1 Where strengths of 1 to 1200 were used it was necessarj- to add a second set of sprayed twigs as caterpillars ate all

foliage on first set.
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Observatioxs

Notes taken during the course of the experiments show very clearly

and conclusive^ that the lead hydrogen arsenate is quicker acting than

the basic salt and that smaller amounts are required for killing effi-

cienc3^ Also, that although the caterpillars on the experiments sprayed

with the basic form lived longer, they finalh^ died, and with strengths

where less than 2 lbs. to 200 gallons was used the damage done before

they died was not serious. These experiments further show that the

killing efficiency is reduced in proportion to the reduction of the amount

of material used, and that beyond certain strengths they lose their

destructive value because the caterpillars cause ver}^ serious damage

before the quantity of poison eaten is large enough to kill.

A comparison of the efficiency values shows that the lead hydrogen

arsenate in strengths of 2 to 50 was quicker acting than the basic, but

the results obtained with the latter were satisfactory in that practically

the same amount of foliage was eaten in both xBases. In strengths of

2 to 100 the difference in action was greatly in favor of the lead hydro-

gen arsenate but only a slight difference was noticed in the amount of

foliage destroyed.

In strengths of 2 to 200 similar conditions were noticed, but with the

basic lead arsenate the amount of foliage destroyed was increased.

In strengths of 2 to 400 both materials acted more slowly and a con-

siderable part of the foliage was eaten on the basic lead arsenate exper-

iment. The lead hydrogen still remained satisfactory.

In strengths of 2 to 800 practically the same conditions existed, the

poison acted slower and the amount of foliage eaten increased.

In strengths of 2 to 1200 neither form prevented serious damage and

with the basic form the first twigs were completely defoliated and a

second set partly destroyed. As shown in the table these experiments

were discontinued before all the caterpillars died because it was not

thought necessary to carry them further.

Further comparisons showed that the lead hydrogen arsenate 2 to

200 was more efficient than the basic 2 to 100 and that the lead hydro-

gen arsenate 2 to 400 was more efficient than the basic 2 to 200 in the

protection of foliage.

In the tables it will be noted that as a rule only a few died the first

day or two, the heaviest drop occurring within two or three days.

This may be accounted for in several ways.
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A few caterpillars begin feeding immediately upon being trans-

ferred. These are usually quite hungr}^ and eat considerably before

stopping. The others feed later at a time more or less regular to their

habits and eat according to their hunger, some eating rapidly and

devouring considerable foliage before the poison can act. Others eat

only a small amount or eat slower and although the}^ become sick they

manage to survive for a longer period in proportion to the amount

eaten. The behavior of the poisoned caterpillars is practically the

same in all cases but varies considerably with the amount eaten.

Usually those that are slightly sick wander around to a more or less

extent but do not feed and if possible they will leave the twigs. Those

with larger doses cluster together and gradually become sluggish, being

at first sufficiently active to move the head and forepart of the body

-from side to side when disturbed. Later they barely move and finally

may drop off or remain suspended from the tent by the prologs.

Chemical Analyses

The chemical analysis of the poisoned caterpillars from each of the

tests was made by first drying at 100 degrees centigrade to get the

actual weight of the dry tissue of the insects. Then the arsenic was

determined in the following manner: A quantity of the dried tissue,

not exceeding 4 grams, was introduced in a Kjeldahl flask, 500 cc.

capacity, and about 15 cc. of arsenic free concentrated sulfuric acid

added. The flask was then placed over a medium flame and heated

until fumes of sulfur dioxide were given off. Fuming nitric acid

(arsenic free) was next added in small quantities (2 cc.) at short inter-

vals until all the organic matter was oxidized and the solution was

perfectly clear. The solution was then cligested over a hot flame for

two hours. Following the digestion the excess of sulfuric acid was

carefully driven off and the arsenic determined by titration with

fiftieth-normal iodine solution after reduction with potassium iodide,

accorcUng to the modified Gooch and Browning method (Bui. 107

Revised, Bureau of Chemistry, U. S. Dept. of Agr., p. 239). The
results were calculated in terms of milligrams of arsenic oxide, AS2O5.

The data obtained from the analytical work are given in the follow-

ing tables.

For convenience in making comparisons, the milligrams of arsenic

oxide in 1 gram of dried tissue have been estimated in each instance.
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EXPERBTENT No. 1

No. Spray
No. of Cater-

pillars

Weight of Dry-

Tissue (Grams)

MiUigrams of

Arsenic Oxide

(AssOs)

Milligrams of Arsenic

Oxide (AsiOs) to 1

gram of Dry Tissue.

1 2:50 L.H.A. 445 3.973 2.96 0.74

2 2:50 B.L.A. 205 1.423 0.86 0.60

3 2:100 L.HA. 341 1.262 0.86 0.68

4 2:100 B.L.A. 202 1.623 0.48 0.30

5 2:200 L.H.A. 371 1.751 0.40 0.23

6 2:200 B.LA. 220 1,056 Tracei

7 2:400 L.HA. 332 1.674 0.34 0.20

8 2:400 B.LA. 201 .831 Trace

9 2:800 L.H.A. 418 1.337 0.08 0.06

10 2:800 B.L .A. 291 2.035 0.28 0.14

1 One drop fiftieth normal iodine for titration.

ExPEHiME>~r No. 2

No. Spray
No. of Cater-

pillars

Weight of Drj-

Tissue (Grams)

Milligrams of

Arsenic Oxide

(AssOs)

MiUigrams of Arsenic

Oxide (AS2O5) to 1

Gram of Diy- Tissue.

1 2:50 L.H.A. 176 3.383 2.30 0.62

2 2:50 B.L.A. 261 3.520 1.72 0.49

3 2:100 L.H.A. 240 4.046 1.86 0.46

4 2:100 B.LA. 191 3.150 1.50 0.47

5 2:200 L.H.A. 185 2.990 0.72 0.24

6 2:200 B.L.A. 453 4.835 1.29 0.26

7 2:400 L.H.A. 302 3.790 0.86 0.23

8 2:400 B.L.A. 284 3.222 0.57 0.18

9 2:800 L.H.A. 284 3.719 0.43 0.11

10 2:800 B.L.A. 152 2.303 0.15 0.06

11 2:1200 L.HA. 280 3.582 0.28 0.08

12 2:1200 B.L.A. 223 2.354 0.15 0.06

These results show that in most cases the arsenic content of the

caterpillars poisoned with the lead hydrogen arsenate was somewhat

greater. This fact may be partly due to the higher arsenic content of

this compound. It is also possible that this substance, being more

chemically reactive, is more rapidly absorbed into the tissues while

the inert basic compound passes through the intestinal tract of the

insect without the absorption of so much of the arsenic.

In conclusion, we acknowledge our indebtedness to Mr. H. H.

Robinson who assisted in making the chemical analyses here

reported and to yir. G. F. ]Moznette who assisted in the Entomological

work.

Vice-President Cooley: Mr. George P. Gray will present the

next paper.
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SULFUR AS AN INSECTICIDE

By George P. Gray

(Withdrawn for publication elsewhere.)

A large number of photographs illustrating the work of the Medi-

terranean fruit fly were exhibited by Mr. E. A. Back.

Session adjourned, 12 m.

Afternoon Session, August 10, 1915

The session was called to order at 2.15 p. m. by Mr. H. F. Wilson^

president of the Pacific Slope Association of Economic Entomologists.

President Wilson: We will now listen to a paper prepared by
Mr. C. P. Clausen which will be read by Mr. S. W. Foster.

A COMPARATIVE STUDY OF A SERIES OF APHID-FEEDING
COCCINELLIDiEi

By C. P. Clausen, University of California Citrus Experiment Station,

Riverside, California.^

Among the beneficial insects of California as well as elsewhere, the

Coccinellidse hold high rank as aphid and scale feeders. In order to

determine the relative efficiency of some of the more important forms,

a study of eight of the principal aphid-feeding species of this state was
made at Sacramento during the season of 1913, and completed at

Berkeley and Riverside in 1914. The species under observation were:

Hippodamia convergens Guer., Hippodamia ambigua Lee, Coccinella

californica Mann., Coccinella trifasciata Linn., Olla oculata Fabr.,

Olla abdominalis Say., Cycloneda sanguinea Linn., and Adalia bipunc-

tata Linn.

At the time the investigations were undertaken, an extensive series

of tests were made to determine the most satisfactory type of breeding

cage for use in the laboratory. By far the most satisfactory results

were secured by confining the individuals under observation in plain

three-inch vials with cotton stoppers. The stoppers were covered

^ Paper No. 19. Citrus Experiment Station, College of Agriculture, University

of California, Riverside, Cal.
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with tissue paper to prevent the larvae from becoming enmeshed in

the cottony fibers. Approximately outdoor conditions as regards

temperature and humidity were thus secured. Potted plants infested

with aphids and covered with chimney glasses were tried for a time,

but did not fulfill the requirements, due to the occasional condensation

of moisture upon the glass surface and the tendency of the adult

beetles to ascend to the top of the glass and to remain there inactive

rather than feeding normally upon the infested plant.

The points taken up in the investigation were the following:

The length of time intervening between emergence and mating and

oviposition, the length of the oviposition period, the rate of oviposition,

both as to the number of eggs per day and the total number for the

entire period, the life histories, and the feeding habits, both in the

larval and adult stages. In every case a sufficient number of indi-

viduals were started for each species to make it practically certain

that at least ten would complete the test, making allowance for una-

voidable mortality. The records given for each species, therefore,

represent the average for approximately that number of individuals.

Emergence to Mating and Oviposition

No great divergence was found to exist between species as regards

the length of time intervening between emergence and mating. The
range extended from 1.6 days in the case of A. hipunctata to 2.7 days

for C. californica. No records were secured of H. convergens due to

the fact that all individuals used in the tests were taken from cold

storage in the adult stage. From mating to oviposition the variation

was from 8.6 days for 0. abdominalis to 11.9 days for C. californica.

The minimum period of time for a single individual was 7.0 days in the

case of one female of 0. abdominalis and one of C. sanguinea.

The Period of Oviposition

The period of time over which oviposition extends is very largely

dependent upon the conditions under which the beetles are kept.

Under optimum conditions the deposition of eggs takes place daily

during a period extending from approximately two weeks after emerg-

ence until death. The maximum average was found to be 48.1 days

for H. ambigua and the minimum 28.2 days for A. bipunctata. The

comparatively low average for H. convergens may be accounted for by

the fact that three of the eleven individuals under observation died

within two weeks of the beginning of the experiment. Oviposition by

one female of H. ambigua extended over a period of fifty-nine days.
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Ovrposinox Records

Species
No. of

Specimens

Length

of

Period, Days

Per cent Days

Eggs

Deposited

Average

for

Period

Average eggs

Per

Day

10 31.0 69.0 207 8.0

10 29.2 75.0 249 8.4

11 33.3 63.8 299 8.9

8 48.1 61.4 312 7.3

9 34.7 70.3 234 6.3

9 35.4 89.3 347 9.8

10 28.2 69.4 190 6.7

10 28.8 73.6 201 7.0

Rate of Oviposition

A very considerable difference was found to exist in the number of

eggs deposited by the various species. As would be expected from

field observations, H. convergens deposited the greatest number of eggs,

609 being secm^ed from a single female, while the average for all indi-

viduals was 299, but lea^dng out of account the three females which

died prematurel}^, the average for the species was 358 eggs. 0. oculata

was a very close second with 347, while A. hipimctata was least with a

production of 190 eggs. The maximum number of eggs deposited by
a single female in one day was 43 in the case of H. convergens, while

0. oculata was last with a maximum of 22 eggs. The latter species,

however, ranked first with respect to the daih' average for the entire

period with 9.8, while 0. abdominalis was last with 6.3 eggs per day.

Frequexcy of Ovipositiox

The proportion of days upon which eggs were deposited varies

greatly, the range being from 61.4 per cent for H. amhigua to 89.3 per

cent for 0. oculata. The latter species was found to be markedly

uniform in this respect, the range among the nine individuals of the

species being from 84.3 to 95.5 per cent, the minimum in this case being

higher than the maximum of any other species. It will be noticed,

however, that the regularity of oviposition was not in direct proportion

to the total production of eggs, inasmuch as H. amhigua, the lowest

with respect to the frequency of oviposition, ranked second in total

production.

Life-History

A greater or less uniformity exists among the various species as

regards the length of the different periods or stages of the life c^^cle.

The egg stage ranged in length from 4.2 days for 0. ahdominalis to 6.0

4
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days for C. trifasciata. In no case were more than six days required

for incubation. Almost invariably the eggs comprising a cluster all

hatched within a few hours. The first larval stage varied from 3.3

days for 0. ahdominalis to 5.7 days in the case of C. californica. A
single larva of C. californica required ten days, but apparently was not

normal and died shortly after pupation. The second larval stage was
found to be uniformly shorter than the first, the variation being from
2.3 days for 0. ahdominalis to 4.7 days for H. ambigua. Nine larvae of

H. ambigua, three of C. californica, and one of H. convergens required

only two days for this stage, while one specimen each of H. ambigua
and 0. oculata required six days. The third stage was of approxi-

mately the same length as the second, with the exception of H. con-

vergens, in which case the period was much shorter. Two individuals

of 0. oculata required five days. The fourth stage was considerably

longer than those preceding it, the range being from 4.7 days in the

case of 0. abdominalis to 7.4 days for C. trifasciata. The greatest

variation, however, was found in the pupal stage, where' 3.5 days were

required by 0. abdominalis and 8.0 for H. ambigua. The totals of the

successive stages gave a minimum of 21.0 days for 0. abdominalis and
a maximum of 33.2 days for H. ambigua.

Duration of Different Stage in Days

Species
No. of

Specimens

Egg

Stage

First

Larval

Second

Stages.

Third Fourtli

Pupal

Stage
Total

C. cdifornica Mann 13 5.4 5.7 3.3 3.4 6.8 4.5 29.1

12 6.0 5.3 4.2 3.3 7.4 3.7 31.8

8 5.0 3.9 3.6 2.3 6.5 7.5 28.8

10 5.5 3.8 4.7 3.6 7.3 8.0 33.2

0. abdominalis Say 14 4.2 3.3 2.3 2.8 4.7 3.5 21.0

0. oculata Fabr 11 5.0 4.6 4.5 4.2 7.0 5.1 30.2

7 5.0 4.6 2.9 3.0 5.6 6.0 26.7

10 5.3 4.5 3.7 3.2 4.9 4.2 25.3

Feeding Records

The average number of aphids eaten by a larva during the entire

period ranged from 216 for C. sanguinea to 475 in the case of C. cali-

fornica. One individual of the former species came to maturity after

consuming 147 aphids, while one larva of C. californica required 580,

this being the maximum for a single individual.

Daily feeding records of the adult beetles covering a fifteen-day

period were secured with the exception of H. convergens, the records of

which extend over only eight days. The maximum period average
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was 624 aphids for 0. oculata, and 234 as a minimum for C. sanguinea.

One adult of the former species devoured 672 aphids during this period.

On a daily basis the variation extended from 56.1 aphids per individ-

ual for H. convergens to 15.6 for C. sanguinea, C. californica was

conspicuously low in this respect when the size of the beetle is consid-

ered, the average being onlj^ 34.0 aphids per day.

Feeding Records

Larv£e Adults

Species
No. of

Specimens

Length

of

Aphids Eaten

Period Daily

No. of

Specimens

Length

of

Period

C. cdifornica Mann
C. irifasciata Linn.

.

H. convergens Guer.

H. ambigua Lec. . .

0. ahdominalis Say.

0. oculata Fabr. . . .

A. hipunctata Linn..

C. sanguinea Linn..

23.7 da.

25.8

23.8

27.7

16.7

25.2

21.7

20.0

475

294

349

312

240

326

252

216

24.9

15.8

20.7

11.4

19.8

17.2

14.1

14.5

On the basis of the results secured in the studies previously outlined,

the following conclusions may be drawn:

1. Temperature and humidity are very strong controlling factors

in the development and behavior of the different species.

2. The number of eggs deposited under normal field conditions varies

from 200 to 500 and occasionally more, extending over a period

of four to eight weeks in case the female lives the full adult life.

3. The period intervening between emergence and mating is one to

three days, and from mating to oviposition eight to eleven days.

A period of ten to fifteen days thus intervenes between emerg-

ence and the beginning of oviposition.

4. Oviposition normally takes place daily, with occasional exceptions.

5. The number of aphids eaten by the larvae of the different species

varies approximately with the size of the individuals, the num-
ber varying from 216 to 475 for the entire larval period.

6. The above to a somewhat lesser extent is true of the adults also.

President Wilson: The next paper is by Mr. J. F. Illingworth

and will be read by Mr. 0. H. Swezey.
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NOTES ON THE HABITS AND CONTROL OF THE CHICKEN
FLEA

(Echidnophaga gallinacea Westwood)

By J. F. Illixgworth, Ph.D., Professor of Entomology, College of Hawaii,

Honolulu, T.H.

In this paper the writer desires to briefly summarize data which is

to appear later in a bulletin from the College. His investigation of the

life-history of the chicken flea shows that there is a great similarity

in the development with that of ordinar}^ fleas; and, that it is only in

their adult stage where they become markedly speciahzed. Re\-iewing

the literature we find numerous short references to this species, but

none that would indicate a thorough knowledge of the hfe-cycle and

means of control.

The species has appeared under several generic names since West-

wood (1875) ^ placed it in the genus Sarcojyysllus. Enderlein (1903)

created the genus Argiopsylla for it; and Baker, (1904) recognizing

that it differed widely in structure from Sarcopsylla penetrans, gave

it the new genus Xestopsylla. Finally, Jordan and Rothschild (1906)

2Dlaced it in Olliff's (1886) old genus. Echidnophaga.

Hosts

Though, normally, fleas of this species infest poultry, the indication

is that they attack am^ animal that comes in their way. The records

mention dogs, cats, horses, rats, owls and man. They are particularly

fond of young animals, and it has been noted that they are sometimes

very annoying to children. In East Africa, 22.5 per cent of the fleas

taken from rats were found to belong to this species; hence, these

rodents are thought to be an important agent in their distribution.

Recenth^, the writer discovered that the}' also infest the English

sparrows, that flock into the chicken houses to the feed boxes.

DlSTRIBUTIOX

Though Westwood's description, in 1875, was from specimens fotmd

in India, the species is now pretty generally distributed around the

world, favoring tropical and sub-tropical regions. A few of the places

mentioned in the hterature are: Africa, Italy, Russia, Asia. Fiji

Islands, and America. This flea has been recorded in the southern

United States since 1890; and one record extends the range as far north

as Minnesota.

1 See bibliograph}'.
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Life-History

In the study of the development of the fleas every effort was made
to duplicate natural conditions. The fact that the adults of this

species locate themselves rather permanently greatly simplified the

problem of observing their habits of mating, egg-laying etc.

Newly emerged fleas, of both sexes, were placed in a large glass jar

with a young rooster. The next morning ten females and eight males

were found located upon the head of the bird. Short, gelatin capsules

were then glued to the head, covering individual female fleas, so as to

determine the number of eggs produced. During the day from one to

two eggs were laid bj' each female, but on the following morning the

capsules were full of eggs, and small pellets of blood—-the excrement

of the fleas. Careful observations were continued, renewing the cap-

sules daily, as long as the fleas lived. It was a noticeable fact that

egg-la}4ng took place principally at night—often as many as forty

eggs being produced hy a single female at night and only one or two
during the day.

Mating.—A careful, daily chart was kept of the location of the

individual fleas on the rooster's head, and it was noted that the males

shifted their positions during the night, but remained rather stationary

during the day. The females remained practically in one location

throughout their life—changing their position only when consid-

erably disturbed, in some way.

Evidently, mating normally takes place at night, for rather constant

daily observation failed to discover pairs in copula. On one occasion,

some males that had emerged several days previously were placed on

the bird, and after a short time they were observed copulating with

the females which had been without males for several days. It is

rather interesting to note, that in this species the male backs up to

the female from below, extending and curving the end of his abdomen
backward to secure the union, while he is practically standing on his

head. The pairs observed remained attached only about five minutes.

Longevity Relative to Sex.—Of the fleas under observation on

the fowl, the males quickly died off—living from two to six days after

feeding and mating—while females lived from eighteen to forty daj^s;

producing eggs up to the time of their death.

In an experiment with fleas kept in jars without food or moisture

after emerging, just the opposite was the case, the males greatly

outliving the females—some of them remai^ned alive and active for

a full month.

Egg-Laying.—The fleas must evidently feed upon blood before

they mate or are able to produce eggs. Several hundred newly
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emerged fleas that were confined for many days in vials and jars

witiiout feeding, were not observed to mate and in no case were eggs

produced.

Female fleas removed from fowls and placed in empty vials oviposit

at once—from one to three eggs being produced. These fleas, if left

in the A'ials. usually died during the following day.

Egg-production appears to depend largely upon the proximity of the

males. The first and second day after mating the maximum number
of eggs are produced: and, from that time on the number rapidly falls

ofi' until mating takes place again. Often females, that were not

kept supplied with males, produced eggs which dried up quickly.

By placing fresh males on the rooster's head from time to time, it

was found that the females reproduced actively throughout their hfe.

The Eggs.—The eggs are laid singly, and, being dry. they rolled

about in the capsules, so that it was rather difficult to keep them from

falling out. They are oval in form, about one third longer than wide,

and a beautiful opalescent white.

Since the eggs are largely produced at night, they may be found

abundantlj^ on the roosting-board of infested fowls.

The Larv^.—The incubation period was found to vary from three

and one-half to four days, at ordinary summer temperature. Eggs

kept under observation during hatching became yellowish: and by

transmitted light the larva could be plainly distinguished within.

By a jerking motion of the bod}', the hatching spine, which is located

on the top of the head of the larva, was observed effectively making

a single slit in the egg-shell; through which the larva escaped.

The newly-hatched larvae are quite white and very active, wrigghng

about over the surface of the soil. Within a few hours, if kept under

natural conditions, they turn dark, due to the food within the alimen-

tary canal. As was mentioned above, the parent fleas are constantly

producing pellets of dried blood, which fall with the eggs to the soil.

The larvae apparently feed upon this excrement exclusively.

The larvae were found to molt three times—the hatching-spine

disappeared at the first molt. The older larvae burrow into the soil so

that they were always found at the bottom of the jars in the experi-

ments. T\'hen ready to pupate the food all leaves the alimentar}' canal

and the larvae become pearly-white again. The larval period was

found to vary considerably—lasting from six to ten days at summer
temperature.

The Pupa.—When ready to pupate the larva spins a dehcate cocoon,

of the finest silk, which holds the particles of dust together around it.

In most cases these cocoons were made against the glass, at the bottom

of the breeding jars, so that the transformations could be observed

through the wall.
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After building the cocoon the larva remained doubled up inside for

three to four days before pupating. The pupal stage lasts from six

to nine days; the pupa beginning to turn dark several days before

emerging. The entire life cycle, from egg to adult flea, was found to

vary from twenty-two to twentj^-nine days under ordinary summer
conditions in Hawaii.

Control

Since the development in the early stages of this species follows so

closely that of other fleas, standard methods of control were tried.

The water treatment proved very successful. After washing out the

roosting place each morning for a week, the fleas on the chickens

became noticeably less; and after two weeks of such treatment they

had practically disappeared.

Investigation shows that these fleas are most troublesome in dry

localities and that wet districts, near the mountains are not troubled.

A Japanese, who has about two thousand fowls, located in the dry

district, told the writer that he had no trouble with fleas, but that

he did not know why he was free from them.

It was observed that he swept out the roosting places each morning;

placed the droppings in water to macerate before applying them to

his garden; and, that he used the sprinkling pot freely in the houses to

keep down the dust. His treatment is one that recommends itself,

not only for the general sanitation and health of the fowls, but also,

it is a most satisfactory means of destroying the fleas.

Air-slacked lime has also proved very destructive to the developing

fleas, and may often be used to advantage about the poultry house.

A Httle of the dust-lime in the nests and other places, where it is

better not to use water, keeps not only fleas but other pests from

developing. In locations where water is scarce, the lime may be

substituted, placing it under the roosts, etc»
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Presidext Wilsox: The next paper will be presented by 'Mi\

A. r. Burgess.

SOME PHASES OF GIPSY MOTH WORK IN NEW ENGLAND

By A. F. BrEGESS, Melrose Highlands, Mass

{WWidraicn for puhlication elsewhere.)

Presidext Wilsox: We will now listen to a paper bv ]\Ir. E. D.
Ball.

THE DISTRIBUTION OF THE BEET LEAF-HOPPER
By E, D. B.^L, Logan, Utah

{With drown for puhlication elsewhere.)

A general discussion followed this paper in regard to the leaf-hopper

transmitting the disease concerned and it developed that definite facts

concerning the transmission of the disease had been worked out under

laborator^^ and field conditions by Prof. R. E. Smith and his associates

in the University of California and would be published in a forthcom-

ing number of Phytopathology.

Presidext Wilson: The last .paper on the program will be pre-

sented by ]Mr. G. X. Wolcott.

THE INFLUENCE OF RAINFALL AND THE NON-BURNING
OF TRASH ON THE ABUNDANCE OF DIATR^A

SACCHARALIS^

By George X. Wolcott

{Abstract)

The most important insect injurious to sugar cane in the Western

Hemisphere is the smaller moth stalk borer, Diatraa saccharalis

Fabr., which occurs in abundance in the southern United States,

]\Iexico, Cuba, Jamaica, Santo Domingo, Porto Rico, St. Kitts,

Barbados, Trinidad, Demerara, and Argentina, besides other islands

and countries of lesser importance in sugar production.

The larvae of Diatrcea cause the injury to the cane, as they bore

into the stalks, eating the soft juicy pulp, opening the way for disease

^ Published by permission of ^Ir. W. V. Tower, Director, Insular Kxperiment

Station, Rio Piedras, Porto Rico.



October, '15] WOLCOTT: DIATR.EA SACCHARALIS 497

organisms to enter, reducing the amount and purity of the juice, and

weakening the strength of the stalk. The pupa is formed in the stalk,

and the creamy-yellow, inconspicuously marked moths deposit eggs

on the upper leaves of the cane.

The writer has visited most of the cane growing countries, and,

being impressed by the notable variation in the amount of cane in-

fested with the borer larvse, has endeavored to determine the fac-

tors governing the abundance of the insect.

Working along similar lines in Louisiana, Mr. T. E. Holloway has

contended {Louisiana Planter, December 19, 1914) that the abun-

dance of Diatrcea depends in large part upon the scarcity of the cos-

mopolitan and omnipresent egg parasite of the borer, Trichogramma

minutum. Field experiments in Texas and Louisiana, carried on for

two years by ]\lr. Holloway, have quite effectually demonstrated that

the burning of the cane trash (tops and leaves) after the cane is har-

vested, destro3's large numbers of Trichogramma, as is evidenced by a

larger number of cane stalks injured by Diatrcea in the succeeding crop

than in check fields where the trash is not burned.

A large number of careful observations made in Porto Rico during

the past grinding season, confirmed by the evidence from other coun-

tries, indicates that there is a constant relation between the amount
of rainfall and the abundance of Diatrcea. The accompanying table,

which gives the percentages of infestation of cane by Diatrcea in con-

junction with the total annual rainfall in inches for 1914, shows that

the abundance of Diatrcea is in inverse proportion to the amount of

rainfall. In the table, the abundance of Diatrcea in fields where the

trash was burned, and where the trash was not burned, is recorded

separately, the difference amounting to nearly 100 per cent higher

infestation by borer in fields where the trash has been burned.

That rainfall affects the abundance of the smaller moth borer

is of scientific interest, but apparently no economic application can be

made of this fact. But it is possible for planters to take advantage of

the relation which has been found to exist between trash burning and

borer infestation, and stop burning trash. In Cuba and northern

Porto Rico, trash is seldom burned, and practically never in the

British colonies. With a better understanding of the losses attendant

upon burning the trash, it can usually be obviated elsewhere by the

use of improved heavy-ratooning varieties and somewhat altered

plantation practice.

It is comparatively easy to demonstrate the effect of an abundance

of rainfall in lessening the numbers of Diatrcea, but much more difficult

to satisfactorily account for this effect. The eggs of the borer are

deposited on the leaves of the cane, and when the young larvse hatch,

a considerable interval elapses while they crawl about on the cane
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before they enter the stalk, or the midrib of the leaf. It is quite

probable that this is one of the most crucial periods in its life history

and that many newly hatched larvae fail to enter the cane before they

are washed off by the rain. It was observed in Cuba that considerable

numbers of borer larvae were killed in young cane by the more rapid

growth of the central shoot of a cane plant than of the outer leaves.

Also, larvae were found which had been drowned in a mixture of water

and decaying cane juices which had collected in their tunnels after

rains. To avoid danger from these causes, many larvae were found

living outside the shoot, where they were exposed to the attacks of

predators or parasites.

Summary

The abundance of the smaller moth borer, Diatrcea saccharalis, the

most important pest of sugar cane in the New World, depends upon

two factors, rainfall and the burning of trash. Rainfall cannot be

controlled, but in many cases in Porto Rico and elsewhere trash is

needlessly burned. Burning trash increases the abundance of the

borer 100 per cent. It is desirable that the burning of trash be

avoided.

Total Annual Rainfall and Average Infestation of Sugar-Cane by Diatr^ea saccharalis at Various Local-

ities IN Porto Rico, also Infestation in Fields were the Trash Was Burned and "R'here the Trash Was
Not Burned.

Inches of
Percentage of Infestation, 1914-15

Locality Rainfall,

1914 Average of Fields where Trash Fields where Trash

all Fields Was Burned Was not Burned

101 6 (8) 6 (8)

95 5 (6) 5 (6)

761 11 (15) 13 (6) 9 (9)

72 6 (9) 10 (2) 4 (7)

70 11 (4) 11 (4)

Tea Baja 70 15 (8) 19 (4) 10 (4)
.

66 17 (7) 17 (7)

Vega Baja 66 39 (9) 44 (5) 26 (4)

Caguas 58 6 (5) 6 (5)

Yabucoa 58 37 (5) 60 (2) 22 (3)

55 26 (16) 69 (1) 23 (15)

Juana Dias 60 32 (9) 34 (8) 18 (1)

Guayama-Josepha 45 47 (4) 47 (4)

24 45 (7) 50 (5) 31 (2)

Potala 27 37 (9) 44 (6) 24 (3)

Ponce 25 48 (8) 48 (8)

23 64 (5) 77 (3) 44 (2)

24 76 (S) 76 (5)

Sn. Isabel 22 72 (4) 78 (3) 46 (1)

21 66 (28) 68 (24) 31 (4)

Note.—Figures in ( ) after percentages indicate numbers of fields examined.

1 Average of rainfall of haciendas, not of the town.
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Mr. 0. H. Swezey: Trichogramma has a short Ufe cycle and in

case the trash could be left a short time the adults would emerge.

Mr. G. N. Wolcott: In Porto Rico the cane and trash is burned

immediately.

Vice-President Cooley resumed the chair and called for the report

of the committee on resolutions.

REPORT OF COMMITTEE ON RESOLUTIONS

Resolved, That the American Association of Economic Entomologists at its special

summer meeting desires to voice its appreciation, first, to the authorities of the Uni-

versity of Cahfornia, for courtesies extended; second, to the Pacific Slope Associa-

tion of Economic Entomologists and to the individual entomologists for their coop-

eration; and, lastly, to Professor R. A. Cooley, for his able supervision at the ses-

sions and for his timely address.

E. A. Back,

F. C. BiSHOPP,

A. L. Melander, •

Committee.

By vote of the association the resolutions were adopted.

Vice-President Cooley: We will now listen to the report of the

committee appointed to confer with a similar committee from the

Pacific Slope Association of Economic Entomologists.

REPORT OF SPECIAL COMMITTEE^

Your committee, appointed to confer with a like committee from the Pacific Slope

Association of Economic Entomologists with reference to an affiliation, recommend
that that Association be affihated as a branch association to be known as the Pacific

Slope Branch of the American Association of Economic Entomologists and that the

membership requirements, dues and privileges of its members be the same as for

other members of thi& Association.

It is further recommended that the following amendment to the constitution pro-

viding for this change be adopted.

That the words "Branch or" be inserted before the word "section" in line 2 of

Section 1 of Article 3 of the Constitution.

Respectfully submitted,

CP. Gillette,

A. F. Burgess,

E. D. Ball,

E. 0. EssiG,

Committee.

After a general discussion it was voted that the report be accepted

and that the recommendations be presented to the American Asso-

ciation of Economic Entomologists at the next annual meeting.

^As the members of the committee agreed on the matters under consideration, a

joint report was submitted.
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Before adjourning, the Secretary called attention to the fact that

the meeting had been favored with the presence of three past presi-

dents of the Association and that this had added much to the occasion,

also that it was an especial pleasure that Prof. Lawrence Bruner, who
had recently been honored by his state as its most distinguished citi-

zen, was present on this occasion.

There being no further business the session adjourned at 5 p. m.

R. A. CooLEY, A. F. Burgess,

Vice-President. Secretary.

GRYLLOTALPA GRYLLOTALPA LINN., THE EUROPEAN
MOLE CRICKET IN NEW JERSEY

By Harry B. Weiss, Neiv Brunswick, N. J.

During the early part of July, 1915, my attention was called to an

underground insect which was cutting off the roots of various plants

in a nursery at Rutherford, N. J. Upon making a search, a mole

cricket considerably larger than our common but by no means abun-

dant Gryllotalpa horealis Burm., was found to be responsible for the

injury. Mr. J. A. G. Rehn, to whom a specimen was submitted, pro-

nounced it Gryllotalpa gryllotalpa Linn., the European mole cricket.

The infestation which is undoubtedly of several years' duration, ex-

tends over several acres planted to herbaceous and ornamental stock,

a considerable portion of which is used for show purposes only. The
soil is rather light and porous and contains a variety of shrubs, shade

trees, evergreens, etc., such as one would naturally find in a nursery.

No preference was shown by the cricket for any particular plant, its

zig-zag burrows being found in different parts of the area irrespective

of the kinds of plants growing there.

The insects were numerous enough for the nursery to detail several

men to hunt them out and destroy as many as possible every few days

and to sink empty flower pots in the ground, covering them with boards,

for trapping purposes.

Malcolm Burr in his '^Synopsis of the Orthoptera of Western

Europe" records this species as occurring through Europe, and from

Sweden to Spain, rare and local in England, abundant in France, often

doing damage to gardens, common in Belgium. At Rutherford, where

the insect was discovered, large amounts of imported stock are re-

ceived every year. There were consigned to this locality during 1914,

more than five thousand parcels of imported stock and during the

spring of 1915, over two thousand parcels were received. The major-

ity of this stock comes from Belgium and Holland and only a small



October, '15] WEISS: EUROPEAN MOLE CRICKET 501

portion from France. Inasmuch as it is chiefly Holland and Belgian

stock which comes over with soil around the roots and inasmuch as

a porton of this is always planted temporarily in the now infested

area, it is almost certain that the insect came from one or both of these

countries.

E. Bourcart in "Insecticides, Fungicides and Weedkillers" gives a

short account of this species in which he states that it lives almost

entirely on insects and their larvae, cutting all roots that hinder it in

its search for this food. The winter is passed at various depths, de-

pending upon the temperature and amount of moisture present. In

the spring it ascends and excavates numerous runs within a few cen-

timetres of the surface. Bourcart further states that it takes twelve

years for the number of these insects to increase so far as to render

culture impossible. The existence of each insect is three years, each

female depositing two hundred eggs, but multiplication is compara-'

tively slow.

Other European writers state that the food of the mole cricket con-

sists largely of vegetable matter but all agree in that it is cannibalistic

at times. According to Bastin, eggs are laid in a specially constructed

chamber, the adult caring for them and feeding the young until their

first moult, when the family disperses.

Coming to remedies, Bourcart mentions the use of poisoned pastes,

of maize, starch, water and phosphorus, being placed in the burrows

and the openings closed. In Italy, liming at the rate of 16 cwt. to

the acre is supposed to remove the crickets. Petroleum or a 25 per

cent emulsion of petroleum poured into the burrows has also been

used in Europe. Ratzeburg, in 1847, advised the injection of oil into

the tunnels and afterward sprinkling the surface with water. Bour-

cart also mentions the use of naphthaline in the ground as it is being

tilled and also raking the soil until the surface is clean, then beating

it and adding water if necessary. During the night the mole crickets

dig new tunnels which are seen the next morning. These are opened

with the fingers and tepid soapy water poured in.

Worsham and Reed, in Bull. 101 of the Georgia Experiment Sta-

tion on Scapteriscus didadylus Latr., advocate for that species the

ploughing of breeding areas to destroy the eggs by exposing them to

the sun, etc., light traps at certain seasons, compost heap traps dur-

ing the winter, poisoned baits made of cottonseed meal and arsenicals,

sulphur and naphthaline as repellants and the banding of individual

plants by means of tin, paper or wire cylinders.

The presence of the European mole cricket in New Jersey is simply

an example of how impossible it is to keep out all foreign pests by a

close inspection of foreign stock. No matter how careful the inspector

is, something is bound to get by and cause trouble later on.
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The California meeting shows that the term American has a vital

meaning in the name of the Association and the action of the Pacific

Slope Association of Economic Entomologists indicates a willingness

on the part of the members of that organization to make the adjective

under discussion thoroughly characteristic. It is by all means better

to have one strong association providing adequate representation and

opportunity for the varied interests and it is hoped that the prelimi-

nary action of last summer may come to a successful fruition at the

next annual meeting. Many problems are being studied under vary-

ing conditions found in different parts of the country and it is most

desirable that the strongest association of practical entomologists

should be comprehensively American in its membership, and recog-

nize, as it does in its foreign members, the great value of the work

done in other countries.

The report of the special summer meeting indicates an interesting

and profitable gathering. It is regrettable that not more of the east-

ern men could attend and secure for themselves every benefit to be

derived from national sessions held in regions presenting not only

peculiar but important entomological problems. There is much
for the eastern man to learn from his colleagues of the West. Cali-

fornia has led the way with county entomologists. It was within her

boundaries that the utility of hydrocyanic acid gas for the fumigation

of fruit trees was demonstrated, that the lime, salt and sulphur wash

(primarily a sheep dip) was first applied to fruit trees and there also

occurred a most striking demonstration of how insects may be used

to control insects and the necessity of one insect to the production of

an important fruit. These bright pages of entomological history
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were written under the stimulus of specialization compelled by cli-

matic and other conditions. It is not too much to suppose that the

excellent work of earlier years has been continued and in due time

will result in additional contributions of both scientific and practical

value. The pages may not all be as optimistic as those alluded to

above, nevertheless they may contain much of great importance and

contribute materially to the welfare of the nation. There are many
specialities in the far West, controlled by men of keen intellect, and

he w^ho fails to keep an eye on his brother of the Pacific Slope should

not complain if he falls behind in the race.

'Obituary

JOSEPH TARRIGAN MONELL
Joseph Tarrigan Monell, prominent aphidologist and mining

engineer, died at his home in St. Louis, Mo., May 9, 1915. He was
born in St. Louis September 15, 1859, was educated at Smith's Acad-

emy and Washington University, from which latter institution he

received the degree of mining engineer in 1881. Although his vocation

w^as that of mining engineer, a profession which he practiced success-

fully, he was from the age of fourteen an ardent student of nature,

more especially entomology and botany and was a volunteer student

under Dr. C. V. Riley and under Dr. George Engelmann, the botanist.

He was known among entomologists as an authority on the Aphididse,

in which group he published several articles, his first contribution

being published at the age of seventeen. Although he published

nothing after becoming actively engaged in engineering work, he con-

tinued his studies and was ever ready and willing to assist others. In

his death entomology has sustained an irreparable loss. A widow and

three children survive.

J. J. D.

Current Notes

Conducted by the Associate Editor

Instruction in beekeeping is soon to be given in the College of Agriculture of Cornell

University.

Mr. A. H. Jennings, Bureau of Entomology, will be stationed in New York City,

for some time, on mosquito work.

Dr. W. E. Britton, state entomologist of Connecticut, gave an illustrated lecture

at the New York Botanical Garden, August 14, on "Fighting the Gipsy Moth."



504 JOURNAL OF ECONO:\IIC ENTOMOLOGY [Vol. 8

Dr. A. A. Allen has been appointed assistant professor of ornithology in Cornell

University and will give new courses in the economic phases of the subject.

Mr. Eric S. Cogan of British South Africa is employed as a temporary assistant,

Bureau of Entomology, and has been assigned to the Charleston (Mo.) laboratory.

Mr. C. L. Scott of the Brownsville (Tex.) laboratory, Bureau of Entomology, is

investigating the spread of the fall army worm {Laphygfna frugiperda) in Texas and
Louisiana.

Prof. F. L. Washburn, state entomologist of Minnesota, gave an address on "Prob-

lems in Nursefy Inspection, " before the American Association of Nurserymen at

Detroit, June 23-25.

Dr. W. D. Hunter visited Boston, Albany, and other points in the northeast, in

connection with the work of the Horticultural Board, during the early part of July.

Dr. Carlos J. Finley of Cuba, who thirty-four years ago claimed that mosquitoes

were responsible for the transmission of yellow fever, died August 20, at eighty-two

years of age.

Dr. W. C. Gorgas, surgeon general, United States Army, was scheduled as one of

the speakers before the American Public Health Association at Rochester, N. Y.,

September 7.

According to Science, Dr. David Starr Jordan has recently been elected a member
of the Roj^al Swedish Academy of Sciences at Stockholm, in appreciation of his work
in zoology.

The Dominion of Canada has appropriated $20,000 for entomology, and $100,000

for the administration and enforcement ofthe destructive insect and pest act for the

fiscal year of 1915-16.

Dr. T. J. Headlee, state entomologist of New Jersey, and Mr. B. H. Walden,

assistant entomologist of Connecticut, were speakers at an anti-mosquito meeting

at Sachem's Head, Guilford, Conn., August 14.

At a recent meeting of the directors of the Florida Citrus Exchange resolutions

were adopted heartily indorsing the work against citrous pests, conducted by Mr.

W. W. Yothers of the Bureau of Entomology.

Mr. Reuben Cox of the Mississippi Agricultural College has been appointed a

temporary field assistant of the Bureau of Entomology and will work with Mr. D. L.

Van Dine on the investigation of malaria mosquitoes.

About thirty members of the Baltimore Beekeepers' Club visited the apiary and

aboratory of the Bureau of Entomology at Drummond, Md., on Saturday afternoon,

July 24. Various demonstrations were arranged for them in the apiary.

According to Science, Mr. Charles P. Lounsbury, chief entomologist of the South

African Union, who has been visiting Australia, was expected to reach San Francisco

about September 1, and to spend several months in the United States.

Dr. A. L. Quaintance, Bureau of Entomology, recently visited field laboratories at

Winchester, Va., North East, Pa., and Benton Harbor, Mich., for the purpose of

conferring with men in charge of stations regarding work under way and contem-

plated.
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Mr. V. G. Stevens of Leland Stanford Junior University, Cal., has been appointed

as a field assistant in the Bureau of Entomology for the purpose of assisting Mr.W.
M. Davidson at Walnut Creek, Cal., in investigations of the grape Phylloxera.

Mr. F. C. Craighead, Bureau of Entomology, recently spent about a week in

Tyrone, Pa., in the study of insects affecting a plantation of poplar trees and the

making of general observations on insects affecting forest and shade trees.

It has been announced in Science that the medal and grant for 1915 of the South

African Association for the advancement of Science have been awarded to Mr. C. P.

Lounsbury, chief of the Division of Entomology, Union Department of Agriculture.

Mr. W. D. Pierce, Bureau of Entomology, spent the latter half of July in deter-

mining the status of the boll weevil in the region first invaded during the fall of 1914,

and in visiting the laboratories at ClarksviUe, New Orleans, Thomasville, and Bates-

bm-g.

Mr. G. N. Wolcott of the Porto Rico Board of Agriculture was in Washington on

July 27. He will attend the meetings at San Francisco and in the fall will spend

some little time as a collaborator at the laboratory investigating sugar-cane insects

at New Orleans.

In the August issue of this Journal occurs a note copied from Science regarding

the death of Joseph Farrigan. The name is an error and the note refers to the death

of Joseph Tarrigan Monell. More information is given in the obituary notice on

another page of this issue.

Mr. Dwight Isely, Bureau of Entomology, working on grape insects at North East,

Pa., is visiting the Benton Harbor (Mich.) laboratory for the purpose of making
observations on the grape-berry moth in that region. Upon completion of his in-

vestigation he will return to his headquarters at North East, Pa.

The American Medicine Gold Medal has been awarded to Surgeon General Rupert

Blue of the Public Health Service, as the American physician who has done most for

humanity in the domain of medicine during 1914. Dr. Blue was placed in charge of

eradicating the bubonic plague from San Francisco in 1907.

The squash lady bird (Epilachna horealis Fab.) was reported as being very injurious

during the last week of July to squashes in and near tidewater Virginia, where it has

also been rated a pest of great importance in certain years. It will be interesting to

know if this species causes such injury elsewhere.

According to Science, Edgar M. Ledyard, formerly assistant professor of entomol-

ogy in the University of the Philippines, who has spent the last year in research work
in the laboratorj^ of parasitology of the University of California, has been appointed

director of the Agricultural Department of the United States Smelting Company,
Salt Lake City, Utah.

A circuit of beekeepers' meetings is to be held in the Middle West in December,

ten associations meeting in succession. The object of this plan is to enable speakers

and exhibitors to attend with the minimum expense and time. Meetings will be

held in Ohio, Indiana, Ilhnois (2), Missouri, Kansas, Iowa, Minnesota, Wisconsin,

and Michigan.

5
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An outbreak of unusual severity of the onion thrips was reported to the Bureau of

Entomolog3^ in Marshall County, Indiana, and vicinity, during July. The locahties

from which these reports emanated included Donaldson, Grovetown, Hamlet,
Walkerton, and Plj^mouth, and our correspondents stated that the thrips serioush^

threatened the onion crop over a very considerable acreage.

Dr. A. H. ]\IcCray, Bureau of Entomolog}^, is now stationed at the Drummond
laborator5\ He is continuing the work of examining samples of diseased brood sent

in for determination, and is also taking up some new lines of investigation of bee

diseases. Dr. McCray received the degree of doctor of medicine from George Wash-
ington University in June.

Prof. T\Hmon Xewell has resigned his position as state entomologist of Texas
and professor of entomology at the Texas A. & M. College, to accept the position

of state plant commissioner of Florida. As commissioner he will have charge of the

work of citrus canker eradication and general supervision of the state work in ento-

mologj^, plant pathology and nursery inspection, with headquarters at Gainesville.

The Colorado potato beetle, as has previously been announced, has been chscov-

ered at work on the Pacific Coast in the state of Washington. It has also been

known to occur in Idaho for some time and it is invading new territory in Arizona

and probably New Mexico. Agents and correspondents are urgently requested to

report the occurrence of this species in any suspected new locahty.

Mr. P. I. Smith, formerh' of the Xorth Carolina Experiment Station, but recently

located in Porto Pico, has been appointed a quarantine inspector by the Federal

Horticultural Board. He assumed his duties on August 16 and is stationed at Boston

to have supervision over the imports of foreign cotton, and the erection of the fumi-

gating plant which will probabl}' be established at that place by the 1st of Januar}^

Prof. Lawrence Bruner, state entomologist of Nebraska, professor and head of the

Department of Entomology in the University of Nebraska, was selected by a com-
mittee, as Nebraska's most distinguished citizen, to attend the Panama-Pacific

Exposition as guest of honor on August 19. At a luncheon given in his honor Pro-

fessor Bruner was the recipient of a medal, presented by the exposition, bearing the

inscription, "Professor Lawrence Bruner, Distinguished Citizen of Nebraska."

Aphides and flea-beetles have been very destructive in the vicinity of the District

of Columbia, Maryland, and Virginia, but owing to adverse weather conditions,

especially droughts followed by rain storms, experiments employed to test remedies

have been unsatisfactory. Aphides of many species apparently entirely disappeared

toward the end of Jul}- but some have reappeared in shght numbers. Ladybirds

have been extremely active as checks; so much so that there appears to be no food

left for them.

Although the Lyctus powder-post beetles, and especially their work, are well known,

their biology, and particularly their method and place of oviposition, have remained

obscure. During the past month Mr. T. E. Snyder, Bureau of Entomology, has

concentrated his efforts on securing this information. After considerable painstaking

work his efforts were crowned with success. He observed the beetles in the act of

oviposition and located the eggs, which he found of unusual type for Coleoptera. He
is now working out a full seasonal history of the insect.

In the Bureau of Entomology Dr. Hopkins' long official title of ''entomological

assistant in charge of forest insect investigations" has been changed to the more

appropriate title of ''forest entomologist. " Likewise the titles of H. E. Burke, J. ]\U
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Miller, Josef Bnmner, W. D. Edmonston, T. E. Snyder, F. C. Craighead, and A. B.

Champlain are now changed to read assistant in forest entomology. Similarly, the

official titles of S. A. Rohwer, W. S. Fisher, Carl Heinrich, C. T. Greene, and A. G.

Boving were changed to specialist on forest Hymenoptera, forest Coleoptera, forest

Lepidoptera, forest Diptera, and coleopterous larva^, respectively.

Excellent success has been reported from the use of the poisoned bran bait against

grasshoppers from the West Springfield (IMass.) laboratory, Bureau of Entomology,

where large areas along the Merrimac and Connecticut Rivers have been cleared of

grasshoppers, 95 per cent having been killed at an expense of from 7 to 10 cents per

acre. Equally good results have been secured in California by Mr. Urbahns, of the

Pasadena laboratory, and also equally satisfactory results have been obtained at

Fellsmere, Fla., by Mr. R. N. Wilson of the Gainesville (Fla.) laboratory. These

three separate results were obtained from work carried out against entirely- different

species.

There has been a severe outbreak of the three-hned blister beetle (Epicanta lemnis-

cata Fab.) in Louisiana. It has attacked principally potato and tomato. The first

record of its occurrence was on May 17, when the beetles were reported stripping

plants in parts of fields of Irish potatoes. On tomatoes they work in the same
manner, doing much damage to young plants. At Jeffris, they were reported May
21 to be doing great injury. A correspondent wrote that they destroyed acres of

potato vines and that no crop resulted and that they were seriously handicapped,

since unless the insects could be controlled it would be useless to plant Irish potatoes

in that vicinity. Mr. Thomas H. Jones, Bureau of Entomology, reported that the

favorite food plant was the spiny amaranth (Amaranthus spinosus), and where this

weed was growing between the cotton rows it was attacked to a small extent.

The entomological collection of the Bureau of Science at Manila has been trans-

ferred to the University of the Phihppines, and is now located in ample quarters at

the College of Agriculture, Los Banos, Laguna, P. I., 65 kilometers from Manila by
railroad. This collection, which contains most of the types of Phihppine insects,

described by European and American speciahsts during the past twelve or thirteen

years, and containing, at present, more than 300,000 pinned specimens, together with

alcoholic and biological material, will be materially increased in value by the collecting

of faculty and students in the exceedingly rich faunal regions of Los Banos, Mt.
MaquiUng and Mt. Banahao. Mr. Charles S. Banks, associate professor of ento-

mology and chief of the department, writes that entomologists visiting the Phihp-

pines will be cordially welcomed to the laboratories and every facility for

comfort will be placed at their disposal.

Scientific Note

The Corn-silk Beetle, Luperodes varicornis Lee, and its Control. About
July 1, 1915, the small Chrysomehd beetle, Luperodes varicornis, appeared in enor-

mous numbers in many corn fields of several counties in Mississippi. One corres-

pondent wrote: "They attack the corn, completely eat the silk entirely back to the

grain. Several hundred may be picked from one ear of corn." Another corres-

pondent sent in a bottle containing ninety-fom- beetles which he said had aU been

taken from the silk of one ear. R. L. Saxon of Franklin County, Mississippi, esti-

mates that one third of the corn crop in that vicinity had been lost because of the

work of the beetle. The silk is eaten just as it grows out from the ear and
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while it is fresh and succulent. The ears of the injured corn have the appearance of

having had the silk cut off as by a knife, the feeding is so even and smooth. The
beetle caused serious losses on many farms.

As the Luperodes beetles congregated only on the silk at the ends of the ears, and
as the plants were in most cases at least eight to ten feet high with the ears five or

six feet from the ground, difficulty was at fu'st encountered in properly apph-ing

arsenical poisons. D. L. TMUiams of Rankin Coimty, Mississippi, deserves credit

for devising a very satisfactory method of applying the arsenicals for these beetles.

He filled an ordinary "talcum powder" can with Paris green and while walking be-

tween the rows of corn stopped at each plant just long enough to shake the poison

dh-ecth^ upon the silk. In this waj- none of the Paris green was wasted and it feU

just where it was needed. The corn was treated rapidly as one man covered a num-
ber of acres each day. Mr. WiUiams stated that the men applying the Paris green

walked at a slow steady gait. It required just one shake of the ''talcum powder"
can at each plant. In the fields that were treated in this manner, rehef from these

beetles was immediately obtained. Untreated fields were much more seriously

damaged, as the beetles remained on the plants and continued to eat the silk as fast

as it grew out from the ears.

All of the records we have of this species show that the beetles appear in injm-ious

numbers about July 1 in the Gulf States. Some years no complaints are received

and it is frequently a minor pest of cotton, devouring both the leaves and blossoms.

In 1905 in his Alonogi-aph of Insect Injurious to Indian Corn, Professor S. A. Forbes

wrote in regard to this beetle that "Its life-history is unknown." If anyone has

learned anj'thing in regard to the Hfe-history of this species, it should be pubhshed,

R. W. Harxed, Agricultural College, Miss.

TWENTY-EIGHTH ANNUAL MEETING AMERICAN ASSOCIATION OF
ECONOMIC ENTOJ^IOLOGISTS

The twenty-eighth annual meeting of the American Association of Economic

Entomologists wiU be held at Columbus, O., dm-ing the Christmas hohdays. Members
will be duly notified of further details concerning the meeting and of arrangements

for hotel headquarters and railroad rates.

At the annual meeting action will be taken on applications for membership in

the Association and blank forms for making appUcation for membership can be

secured from the Secretary or from Prof. Wilmon Newell, Gaines\'ille, Fla., who is

Chairman of the Committee on Membership. It is particularh^ requested that

parties desiring membership should file their apphcations. properly made out, as

early as possible so as to facilitate the work of the Committee on iMembership at

the time of the meeting.

A. F. Bttrgess, Secretary.

Mailed October 15, 1915.
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THEORY OF TOXICITY

By C. W. WoodWORTH

The most important work to be done in Economic Entomology is

to lay a foundation of sound theories. The necessity of such work is

well shown in the progress of fumigation where, for instance, the orig-

inal publication ^ contained tables of dosage calculated on the assump-

tion that the dose should be determined in proportion to the volume,

and this erroneous theory still influences the thoughts of entomol-

ogists, though discarded from the first in actual practice. Again, when
a careful study of the actual doses used for different sizes was made,^

showing that the area of the tent corresponded much more closely

than volume to the practice of fumigators, there was a universal

adoption of this basis of calculation upon the erroneous theory that

such a table correctly compensated for leakage. The only way a

correct compensation can be secured is to measure the amount of leak-

age, which is now a very simple matter,^ and then to use tables cal-

culated for the various degrees of leakage.^

Each step in this progress was accomplished by efforts directed to-

wards correcting the theory, and required the accumulation of a

very large volume of data, since there are so many unknown variables

that individual experiments are entirely unreliable. Many thousands

of determinations were made in the study of leakage referred to above,

and a series of 40,000 lots of scale insect eggs were used in obtaining

the data discussed below. This quantity was not great enough to

eliminate all the irregularities in curves shown in plate 28, but is

without doubt the largest volume of laboratory data ever secured

^ Bulletin 71, California Agricultural Experiment Station.

2 Bulletin 152, California Agricultural Experiment Station.

2 Circular 75, California Agricultural Experiment Station.

* Joum. Econ. Ent., Vol. iv, pp. 376-380. Bull. 220 and 257, California Agricul-

tural Experiment Station.
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in any similar investigation and gives results of a very dependable

character. The methods of study have already been described else-

where/ and it will only be necessary to explain that this study presents

the result of 200 sets of experiments, each set consisting of simulta-

neous determinations for each of the 100 points on the diagram, made
with special care to insure that all the data in each set shall be com-

parable.

Each curve represents the percentages of the lots which failed to

hatch after treatment in a certain density of gas through exposure for

varying intervals of time. These intervals range from five minutes

to five and one quarter hours. The intervals indicated by the vertical

lines are in geometric progression. The horizontal lines represent the

number of lots giving no hatch.

The strength of dose doubles towards the upper end of the table

for each line, the topmost line being 512 times as strong as the weak-

est, which is dotted on account of its somewhat erratic position.

Seven theoretical curves are drawn which correspond very closely

with the experimental data and show that very complex relationships

exist. It is likely that the same facts will be found true for other

insecticides and that we can establish, at least as a working hypothesis,

the series of toxic phases shown on the diagram, with the definite

relationships there indicated. These phases are as follows:

The Preliminary Curve in which the toxicity is directly propor-

tional to an increasing geometric series of time intervals, and for the

stronger doses, is also directly proportional to an increasing geometric

series of concentration intervals.

The Deviation Line is the center of a very evident zone where

the toxic curves diverge. It seems to be inversely proportional to

the toxicity during the preliminary period; that is, the less the killing

the longer the interval, the increase of time corresponding with a de-

crease of dose being in geometric ratio and, therefore, making a

straight fine where the time intervals are plotted as in this chart.

The Acute Curve represents a different physiological action of the

cyanid, possibly directly upon the nerve centers. It is a more abrupt

and much longer continued action in the lower concentrations of the

poison, resulting in a far greater difference in the time required to

complete the action than in percent that finally dies. The propor-

tional rate of kilhng during this acute phase is identical for all con-

centrations, the greater kilhng for low concentrations depending solely

upon the longer time of action.

1 Science, Vol. xli, pp. 267-269, and Report California Agricultural Experiment

Station for 1914, pp. 114-116.
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The Compromise Curve is well shown in the fifth curve. Here the

direction of the curve seems to be the result of two forces and might

easily occupy any one of a great range of positions according to the

relative power of the two influences. As shown in the diagram it is

very closely half way between the Acute curve above and the Stimu-

lation curve below.

The Stimulation Curve represents a benign effect of cyanid. The
fact that there is such an action in the case of this chemical has al-

ready been pointed out.^ These curves show, in this case, that more
than half of the lots of eggs that would have failed to hatch under

normal circumstances have been made to hatch by the long continued

action of the cyanid. The beginning of this stimulative effect has the

same relation to the deviation line that the Acute curves show, and

the rate of stimulation is similar but in an opposite direction, suggest-

ing that the same causes are responsible in both cases. There must

be profound ph^^siological changes which are essential^ beneficent

but violently poisonous when carried to excess.

The Critical Line represents a second evidently significant phj^si-

ological crisis, bearing the same quantitative relationships with the

concentration of the gas as the deviation line but with a greater time

factor, though quahtatively indentical. It measures the culmination

of the violent action of the poison and the beginning of the recovery.

Those not dead at this time have a fair chance of sur^dval. Perhaps

the production of antibodies pro\ddes for the reduction of the quantity

of poison within the body.

The method of plotting the results of experiments of this kind should

be such that the irregularities at the two ends of the curves should be

approximatel}^ of equal magnitudes, for in this way one will give

proper weight to all the data.

This was done in the present case, the time intervals being arranged

logarithmically. The fact that by this arrangement the deviation

and critical lines are straight indicates that in general the phenomenon

occurs in proportional rather than in consecutive intervals.

The theory of toxicity which this study enables us to put forward

is (1) that there are three separate effects produced b}^ a poison de-

pending on its concentration; (2) that there is a line of deviation be-

yond which their characteristics become most evident; (3) that acute

poisoning reaches a crisis after which the rate of death rapidly declines,

and (4) that these phenomena exhibit a series of very definite mathe-

matical relationships.

1 Science, Vol. xli, pp. 267-269.



December, ' 15] CRAIGHEAD: CONTROLLING WOOD-BORING INSECTS 513

A NEW MIXTURE FOR CONTROLLING WOOD-BORING
INSECTS—SODIUM ARSENATE-KEROSENE EMULSION

By F. C. Craighead, Branch of Forest Insects, Bureau of Entomology, United

States Department of Agriculture

During the past summer different substances were tried in an

effort to kill wood-boring insects, such as Goes (work similiar to

Prionoxystus) and Cyllene pidus. In view of the discovery by Dr.

A. D. Hopkins that kerosene was effective on the locust borer {Cyllene

rohinice), this substance, kerosene emulsion, and carbolineum, were

tried but proved of little value in these cases. The kerosene emulsion

penetrated the wood and galleries but seldom was in quantity enough

to kill the larvae.

The idea occurred to poison the emulsion so that as it penetrated

to the insects and they attempted to bore further, the poisoned wood
would kill them. A soluble arsenate, sodium arsenate, was tried

mixed with the water to be used in making the emulsion. A 5 to 10

per cent arsenical solution was used but it is probable that a much
weaker strength will answer. The results were highly successful in

all trials.

The same penetrative properties of the kerosene are retained,

quickly soaking in several inches in seasoned wood and in living

and seasoned wood through the frass in the larval mines often to a

distance of ten to twelve inches.

Tests made on Goes mines in living trees showed that by painting

the holes where the boring dust is exuded this solution quickly ascends

along the sides of the burrow and through the frass, killing the larvae

in a few days. Hickory logs heavily infested with Cyllene picius

were washed with this solution, sponging it on the bark with a piece

of cotton. In four days' time all the larvae were killed and many
had turned black. Mr. T. E. Snyder tested it on powder post beetles

in seasoned hickory and oak. A week to ten days after one application

all the larvae were killed. Many were one and one-half to two inches

in the' wood.

As a preventative for wood borers, in construction timber, it has

not been tested, but will no doubt give good results where the lumber

is not exposed to severe weather conditions. Should the kerosene

evaporate, the arsenic would remain deep in the wood unless leached

out by contact with water.
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NOTES ON ICHNEUMON L^TUS BRULLE i

By Harry H. Knight

While breeding parasites from the army-worm {Leucania unipuncta

Haworth) during the summer of 1914, males of Ichneumon Icetus

Brulle were bred in considerable numbers from the pupae. The
parasites began to emerge August 15 and continued to appear during

the week following. By August 24 females of Ichneumon funestus

Cresson and Ichneumon canadensis Cresson began to emerge from the

pupge. On August 25 a male of I. Icetus was observed to copulate with

a newly emerged female of I. funestus. The female was resting on an

oat straw when the male approached from in front (PL 29, fig 2),

grasped her quickly by the legs, and at the same time thrusting his

abdomen below and clasping the ovipositor with the tip of the abdo-

men. Copulation was observed three different times and in each

case it lasted about one-half minute.

In rearing specimens it was noted that the abdomen of certain fe-

males was entirely ferruginous at emergence and then after a few hours

acquired the black coloration at the base of the segments. I. cana-

densis and /. funestus are separated on the basis of the presence or

absence of black at the base of the abdominal segments. A series of

specimens shows a gradation of forms from the typical canadensis

to funestus. From these observations it appears that they are females

of the same species. The female of 7. Icetus and the males of I.

funestus and /. canadensis have heretofore remained unrecognized.

Brulle (1846) described I. Icetus from a male. In a note following the

description a female is mentioned and certain points of difference are

described. Evidently this female was some other species for both

Provancher and Cresson were unable to recognize the female of I.

Icetus. Say, in 1835 described the male Icetus but instead of giving it

a new name he referred to it as being the male of a previously described

species, Ichneumon paratus Say.

It may be concluded from the foregoing breeding experiments that

I. canadensis Cresson and I. funestus Cresson are females of Ichneumon

Icetus Brulle. Since Ichneumon Icetus Brulle has priority over Cres-

son's species the latter must be considered synonyms.

The males of I. Icetus have been taken during the winter months in

decaying logs. On a warm day last December the writer took a male

specimen on the walk in front of the Cornell Insectary. On March

14, 1915, some twenty specimens, all females, were found hibernating

1 Contribution from the Department of Entomology of Cornell University.
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in a group about eight inches from the surface in a gravel bank. This

lot of specimens gives a series showing both the canadensis Sbud funestus

forms. The abundance of the species at this time is undoubtedly

due to the unusual numbers of the army-worm during the past summer c

My thanks are due Dr. J. C. Bradley who gave much assistance in

the determination of specimens.

Stxoxomy of Ichneumon Icetus Brulle

1835. Ichneumon yaratus Bay. (male only).

Bost. Jour. Nat. Hist., I: 228 (LeConte ed.)

1846. Ichneumon loetus Brulle (male only).

Hist. Nat. Ins. Hym., IV: 303.

1864. Ichneumon funestus Cresson (female).

Proc. Ent. Soc. Phi]., Ill: 166.

1869. Ichneumon canadensis Cresson (female).

Trans. Am. Ent. Soc, I: 308.

1875. Ichneumon hoesitans Provancher (female).

Xat. Can., VII: 80.

1877. Ichneumon hoesitans Prov. =funestus Cress.

Cresson, Trans. Am. Ent. Soc, VI: 179.

Explanation of Plate 29

Fig. 1. Pupa of army-worm showing the parasite before emerging; male (center)

and female of Ichneumon loetus.

Fig. 2. Male of 7. Icetus approaching the female.

Fig. 3. Male and female cleaning antennse and wings.

SOME NOTES ON THE WESTERN TWELVE-SPOTTED AND
THE WESTERN STRIPED CUCUMBER BEETLES ^

By R. A. Sell

The Western Twelve-Spotted Beetle {Diahrotica soror LeConte)

The western twelve-spotted beetle {Diahrotica soror Lec.) is often

called "the western flower beetle" because it is so frequently seen on

flowers. Terming it simply ''the diahrotica" as they do in some parts

of California is not satisfactory, for the danger of confusing it with

^ This article contains an outhne of an investigation made under Mr. E. O. Essig

at the University of Cahfomia during the summer of 1915 (June 20 to August 30).

Many difficulties were encountered in the work on Diahrotica soror Lec, so that the

paper is for the most part a preliminary survey. With Diahrotica trivittata Manner-

heim it was very different since every observation tended to strengthen the behef

that it differs very little from Diahrotica vittata Fabricius of the Middle and Eastern

States. Diahrotica soror Lec. has very Uttle in common with either of the striped

forms.
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other forms, as the striped cucumber beetle {Diahrotica vittata Fab.)

or the painted cucumber beetle {Diahrotica pidicornis Horn), is appar-

ent. In some parts of the country the corn root-worm {Diahrotica

duodecimpunctata Oliv.) is styled ^^the diahrotica." As a popular

name "the western flower beetle" is fairly satisfactory, for, while it

may attack the leaf, the stem or the fruit, it shows a decided preference

for the flowers.

Feeding Habits. The insect feeds upon many different kinds of

plants; its choice depending upon the locality, the season, or the stage

in its life history. In the vicinity of Berkeley it feeds to some extent

upon more than five hundred varieties of plants and it is positively

harmful or highly destructive to at least one hundred of these.

The flora of this region is especially rich; the range of plant life from

the crest of the Berkeley Hills to the bay is very extensive, and the

University of California, through the departments of Botany, Agri-

culture and Landscape Gardening, has introduced various forms of

,

plants from South America, Africa, China, Japan, Australia, Ceylon,

Russia and other foreign countries. Counting the native plants, the

cultivated plants and those plants that have been introduced for experi-

mental and ornamental purposes they would number several thousand.

The following is a list of fifty of the more common and more generally

distributed plants upon which the soror feeds: beet, bean, pea, mar-

guerite, nasturtium, rose, holyhock, cucumber, pumpkin, muskmelon,

watermelon, poppy, alfalfa, sweet corn, potato, pepper, artichoke,

tobacco, radishes, mustard, clover, lettuce, eggplant, parsley, plum,

apple, pear, peach, cherry, currant, canna, dahlia, foxglove, dandelion,

pinks, peony, violet, aster, buttercup, sunflower, black-eyed-susan,

primrose, bleeding-heart, lily, burdock, thistle, verbena, morning-

glory, wistaria, dog-fennel.

Its work on cultivated flowers is very noticeable, for it makes un-

sightly holes through the petals and destroys their beauty, but it is no

less destructive to the essential organs for it may eat the upper part of

the pistil (stigma), dig into the ovary or attack the anthers. Since it is

especially fond of pollen and nectar it can frequently be found in a

flower doing no apparent damage.

By gnawing holes through the thin and tender parts of the leaves it

destroys the foliage and causes a loss of the sap, which is the life blood

of the plant, besides interfering with photosynthesis or starch making,

a vital process of the plant, and making a way for fungus diseases to

attack the injured part.

It sometimes attacks very young cucumbers or muskmelons, the

pods of young beans, cauliflower, and the fruits of eggplant and even

tomatoes.
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A study of the feeding habits of this insect is interesting. It \yill not

eat just any plant and must become adapted to a change of food.

Even when confronted with starvation a number of them would not

eat the leaves of mullein, thistle, artichoke, pond rushes, dog-fennel,

onion tops, red oak, chestnut, maidenhair, pine, spruce or cottonwood.

From a diet of beet leaves the^^ did not take readily to eating leaves of

maple, peach, plum, cherry, gooseberry, currant, potato or tomato,

but finally developed an appetite for them.

After a pair had been fed on beet leaves for several daj^s prickly

lettuce was substituted. They did not eat it for two days, then, after

a period of six hours from the time they had eaten rather heartily, the

male died. In the field prickly lettuce is a perferred host plant of

great numbers.

Another pair that had been eating beet leaves were fed apricot

peelings. They began eating before night but died the next da}^

Ten beetles were fed on beet leaves for six days. After being with-

out food for one day they were given apricot peelings. Six of them

died but the other four adapted themselves to the change of diet.

After the university had received information of damage to potato

tops some experiments in adapting beetles to this food were attempted.

Twenty-five beetles that had been eating beet leaves were fed potato

tops. At first they would not eat and two of them died. In four

days the others had become accustomed to the change. Then they

were also given beet leaves but they preferred potato tops. When the

potato tops were removed they fasted one day and then resumed the

beet leaf diet. Xone of them died.

Fifty beetles, taken in a beet patch, were fed potato tops. The

second day thej- began to eat and two of them died. After they had

been eating well for three days they were fed beet leaves which they

would not eat at first. In two days they had adapted themselves to

the change.

Under certain conditions this species would eat some part of the

flower or fruit of every plant upon which it was observed during the

entire period of this investigation.

Occasionally one of the beetles was found in a colony of aphids,

walking around among them and gathering up the honey dew but it

did not seem to be guided by a sense of smell since numbers of them

did not congregate around the bait.

Field Habits. In order to study the range and field habits of

this insect large numbers of them were marked by painting with a

brush and ink. Several kinds of ink were tried with variable results.

White ink and black India ink were fairly successful but red India-

proved to be the most satisfactory.
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Of fourteen beetles marked June 24 from five to ten of them were

seen each day until July 1 when eleven were marked. From July 1

to 9 four to fourteen of the twenty-five were seen each day. Of fifty

beetles marked July 9 six to twenty-eight were seen each day until

July 23. About July 12 great numbers of smaller, more active, fight

green beetles appeared, which could be readily distinguished from the

prevailing form. Of fifty light green beetles marked July 15 one to

four were seen each day until July 23. Of fifty light green beetles

marked July 22 the record was: 23d four, 24th one, 25th none, 26th one,

27th none.

One male beetle was found every day on a canna for twenty days.

Two females were found on a beet plant every day for eleven days. A
beetle will leave and return to a favorite plant from day to day where

it will frequently spend the night. All the beetles became active

about July 20. It was found by marking a large number that they

came from the Berkeley Hills down into Berkeley and Oakland.

It seems that there is a period of comparative rest, followed by a

period of great activity. Each of these periods must have a definite

relation to some stage in the life history of the insect.

Enemies. The tachina fly {Celatoria diahroticce Shim., Celatoria

crawii Coquillett), mentioned by Mr. Coquillett as one of the natural

enemies of Diahrotica soror Lee, was not very common in this section

of the country this year, for less than twenty examples of it were noted

among several thousand beetles.

A spider, unidentified at this time, killed a few of the beetles.

The only birds observed actually eating these insects were the purple

finch, the bush-tit, the linnet and the canon wren.

Color Phases. On the 20th of June these beetles were not very

plentiful. Their wing covers were the normal leaf-green and the bodies

of the sexes were very much alike. By July 12 two color phases could

be detected in the field^—^the normal light green and a yellowish green.

By August 1 a third color phase could be detected—a pale faded green.

The latter was an old-age type for they soon died. But whether or

no it had passed through the other phases of normal green and yellowish

green, or represented a frail generation, is an unsettled question.

Eggs. During the mating season females are very heavy with eggs

and the abdomens of the males are somewhat enlarged. It appears

that the eggs are rather completely developed before mating takes

place. At this stage the beetles are ravenous eaters and will stay with

one plant almost continuously, seldom leaving it. When attacked

these heavy forms simply let all holds go and roll down among the

leaves. If they fall to the ground they immediately begin to ascend

the plant as if anxious to get back to the feeding place. Before the
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mating period they either fly or attempt to conceal themselves on the

ground.

The eggs are oval with rounded ends and are rather large for the

size of the adult. They are light lemon-yellow and almost trans-

parent. A typical cluster contains four or five. Being rather frail

and adapted to moist soil and the surface of the growing plant, they

will dry up when exposed to the air.

A number of egg-laying records were kept. The following record

of a female, placed in confinement with a male June 24, 1915, is a

typical example:

June 24, placed in confinement, one female and one male.

July 13 62 eggs deposited.

July 14 4 eggs deposited.

Aug. 6 61 eggs hatched,

Aug. 18 48 eggs deposited.

Aug. 19 female died.

The first sign of hatching is a dark spot near the end that is attached

to the plant. As it develops the shell is rounded out, thereby tending

to make the egg shorter and thicker but, as the other eggs are next to

it, there are some indentations making it conform to the crowded con-

ditions.

Remedies. Arsenate of lead spray (one ounce arsenate of lead, one

gallon water) will kill some beetles and act as a repellent for a few days

after it is used. In the experiments tried it killed less than 9 per cent,

but it almost relieved the plants from attack for three days.

Bordeaux mixture (unslacked lime 4, copper sulphate 4, and water

50) was tried. It killed 12 per cent in confinement, but in the field it

was not as good a repellent as the arsenate of lead spray.

Some experiments were made with a poison bait spray that seems to

indicate a remedy worth while, but the data are by no means complete

as to how it would work under ordinary field conditions.

The Western Striped Cucumber Beetle. {Diahrotica triviUata

Mannerheim)

The western striped cucumber beetle {Diahrotica triviUata Mann.) is

found with the western twelve-spotted cucumber beetle (Diahrotica

soror Lec.) on pumpkins, cucumbers, squashes, muskmelons, etc., but

it is of comparatively small importance. It is closely related to the

striped cucumber beetle (Diahrotica vittata Fab.) and its habits and

life history, so far as they have been observed, arc identical, with two

exceptions: first, in this locality its feeding habits are more general

and, second, it has two generations in a season.
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On the ^'Island Farms" at Alameda the work of the larvse upon
the roots of the cucumber plants was identical with that of the striped

cucumber beetle (Diabrotica vittata Fab.) in Minnesota.

The adults are not usually of sufficient importance to demand reme-

dial measures, but the larvae will destroy a patch of cucumbers in a

very short time. Eggs are deposited about two inches below the

surface of the soil on the tap root of the plant. When they hatch the

young larvae begin working upwards on the root-stalk and appear above

the ground in two or three days. Soon the flat sides of the stalk near

the corners begin to turn white and the leaves nearest the roots show
a white border; then the whole plant begins to wither, the small cucum-

bers curl and assume awkward shapes, and, if the insect cohti^ues, the

plant dies.

Tobacco extract, nicotine, is a successful remedy. Various forms

of this extract may be had at the drug store, at about two dollars per

pound for 40 per cent solution. Counting one teaspoonful of the

solution to a gallon of water, a pound can will be sufficient to treat

one thousand hills and a man can treat fourteen hundred hills a day.

When the larvae appear on the stalk, just above the surface of the-

soil, take a narrow half pint cup and pour the solution carefully against

all sides of the stalk in such a manner that it will run down. The-

solution will kill the larvae without touching them, but the burrows in

the stalk may be very deep—the larvae will finally work to the pith—

•

in which case a quick splash of the liquid into the burrow would be

most likely to kill the insect. Everything depends upon the way in

which the liquid is applied. Care and judgment are equally demanded..

A good way is to squat down with the cup of liquid in one hand while

keeping the other hand free to carefully move the plant that there

may be no guess work about where the insect is working and that the

liquid may be poured in the right place.

Department of Entomology, University of California,

Berkeley, Cal., August 30, 1915.

LEPTINOTARSA DECEMLINEATA SAY

By W. O. Ellis

During the summer of 1913, while acting as an assistant in the Ento-

mological Division of the Iowa x\gricultural Experiment Station, the

following record on oviposition was obtained:

From a female captured July 7 and placed in confinement with a.

male, the writer obtained a total of 1,686 eggs. The experiment con-

tinued to September 1, or a period of fifty-five days. On July 28 the
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largest number for a single day from this adult was deposited—110

eggs. Girault & Zetek^ have taken 1,578 from a single beetle.

Date Number per Cluster Total

8 July 25 25

9 30 30

10 24 24

12 29 29

14 7 7

15 21 21

19 56 56

24 9 9

28 19 34 57 110

29
OO A r\ AC*22 40 46 108

30 17 42 59

31 10 17 29 56

1 August 10 35 45

2 9 16 25 50

4 12 19 30 36 97

6 42 42

7 34 17 40 91

8 13 39 52

9 10 28 38

11 42 42

12 29 29

13 10 17 41 68

14 13 22 8 43

15 14 21 35

16 26 26

17 20 29 49

18 18 28 46

19 38 38

20 32 9 41

21 11 31 42

22 10 35 45

23 36 36

25 18 13 21 52

26 21 21

27 13 27 40

28 39 39

29 14 14

30 13 13

31 18 18

1,686

^Ann. Amer. Ent. Soc, Vol. IV, p. 71.
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EXPERIMENTS IN THE CONTROL OF THE POPLAR AND
WILLOW BORER (CRYPTORHYNCHUS LAPATHI LINN.)

By Robert Mathesox, Ithaca, N. Y.

The poplar andmllow borer is a serious pest in nurseries of New York
state and at present is doing much damage. It is also a serious pest

to ornamental poplars and mllows, including basket willows. The
most extensive depredations of this pest occur in nurseries where large

blocks of these trees are grown, and in some cases the annual loss is

very considerable. Dming the past two years, as time would permit,

control experiments have been conducted in two of our large nurseries.

This work has been made possible through the courtesy of the propri-

etors, and to them I desire to express my thanks.

Although considerable biological data have been gathered in the

course of tliis work, only the control experiments and their results will

be discussed here. Since the pubhcation of Schoene's workin Bulletin

286 of the New York Experiment Station at Geneva yery little has

been done in reference to this insect. As the result of his work he

recommended the use of bordeaux mixture containing an arsenical.

This spray should be apphed during late July in order to destro}^ the

adults which feed indiscriminately on the bark of the trees. Omng to

the difficulty of spra^dng nursery trees this recommendation has not

been adopted, and I know of no experiments which have been con-

ducted on a large scale in order to test the efficiency of this method.

To present the method of experimentation more clearly, a brief

synopsis of the life cycle of C. lapathi Linn, is necessary. The eggs are

deposited in August, September and October in two- or three-year-old

stock in the nursery rows. I did not succeed in finding eggs in younger

stock. The eggs are laid exclusively in the corky portions of the tree,

just below the bark in the cambium layer. They were found most com-

monh^ around lenticels, near buds and branches, or in growths caused

hy pruning. These eggs hatch in late August, September and October.

The 3^oung grubs feed on the bark and grow slightly before hibernation.

In these small chambers, just below the surface of the outer bark, the

young larvae pass the winter. Feeding begins early in the spring, the

larvse attacking the cambium laj^er and often girdling the trees. In

late June they bore into the heart of the trees, forming the pupal cells.

Pupation takes place during July and the adults begin emerging in late

July and August. The beetles feed for a short -time before beginning

to oviposit.

Early in my observations I was led to the conclusion that this insect

could be destroyed by some contact spray applied to the trunks of the

trees in the autumn after the leaves have faUen, or in the spring before
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the young larvae have begun actively feeding. This seemed very rea-

sonable, owing to the quite exposed condition of the young larvae in

their burrows. It seemed to me that some of the emulsions ought to

penetrate the outer bark or be absorbed through the very small amount
of frass at the entrance to the burrows and destroy them. With this

conclusion, I determined to try varying strengths of miscible oils and

kerosene emulsion applied both in the fall and spring. In order to

secure a stronger penetrating fluid, it was felt carbolineum avenarius

ought to be given a thorough trial, but I had to go very slowly as very

little is known about the constituents of this preparation. Furthermore,

very little is known as to its effects on actively growing or dormant trees.

In the fall of 1913, seventy-six badly infested two-year-old poplar

trees were secured and planted at the insectary. On December 1, 1913,

part of this block was treated with scalecide at varying strengths and

also a few trees with carbolineum and its emulsion^ as indicated in the

table. This experiment was closely watched the following spring but

no injury to the trees could be noted, except that the carbolineum

treated trees did not seem so vigorous. However, they grew and are

now (1915) large healthy trees. Examination and careful count of

the burrows in all of the trees was made on June 17, 1914. The
number of larvae present per tree is shown in table I.

Table L Cryptorhynchus lapathi Linn.

Treatment
When
Applied

Number

Trees
Examined

Number

Infested

Larvae

per Tree

(Average)

Not

Infested

Per Cent

Infested

Scalecide 1-5 2 Dec. 1, 1913 10 June 17, 1914 3 2.6 7 30

10 4 1.25 6 40

Scalecide 1-10 10 7 2.3 3 70

Scalecide 1-12 10 8 1.9 80

Scalecide 1-15 10 5 2 5 50

2 0 2 0

CarboLneum Emulsion 1-2 2 0 2 0

Check 22 10 2.6 12 45.5

In the spring of 1914 a series of experiments was undertaken in a

large nursery. Three-year-old stock was chosen as it was the most

available at the time of doing the work. Badly infested trees were

selected at one side of a large block which had been recently dug.

Directly across the roadway was a block of young poplars. On March

31 scalecide, of varying strengths, carbolineum, and carbolineum

emulsion were apphed to the trunks from the ground up to the young

1 The carbolineum emulsion was prepared as follows:—lib. sodium carbonate,

1 quart hot water, 1 quart carbolineum avenarius. The sodium carbonate was

dissolved in the hot water and the carbolineum was then added, stirring vigorously.

2 All dilutions are with water.
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growth. The day was fair but began raining before the various treat-

ments were completed. However, the rainfall was slight so it should

not have had any effect on the insecticidal qualities of the preparations.

The treated trees were examined carefully on May 14, 1914. The
various treatments had no effect on the growth of the trees, every tree

growing vigorously, and there being no difference as far as I could

detect between the checks and those under experimentation. In the

checks the larvae were actively at work and their abundance was indi-

cated by the amount of sawdust exuding from the numerous burrows.

All the trees treated with different strengths of scalecide showed

just as high a percentage of infestation as the checks. This prepara-

tion had no appreciable effect. In the trees treated with carbolineum,

either pure or as an emulsion, not a trace of infestation could be found.

After searching for several hours one shrivelled and blackened larva

was discovered in its burrow. However, I did not wish to injure the

trees too much by cutting into all suspicious egg punctures.

This experiment was again carefully examined on June 18 and con-

firmed my previous observations. The checks and those treated with

scalecide were nearly all badly infested, many trees with as many as

eight to ten borers present, while a few both in the treated and checks

were apparently free. Those trees treated with carbolineum and its

emulsion were growing even more vigorously than the untreated ones,

and not a single trace of the work of the borer in any one of the twelve

treated trees could be discovered. These preparations colored the trunks

of the trees a beautiful brown, but other than that no injury could be seen.

Fearing that such a perfect control might be due to other causes than

the effect of the treatment, a larger series of experiments was planned

for the fall of 1914 and spring of 1915. Discarding the miscible oils,

kerosene emulsion was given a trial as it has been recommended for

the control of the locust borer (Cyllene rohinio!). In a block of over

10,000 trees ready for digging in the fall of 1915, rows were selected at

the end which showed the greatest amount of the feeding work of the

beetles. On December 4, 1914, groups of twenty trees were each

treated with pure kerosene emulsion, carbolineum and carbolineum

emulsion. Rows were left between for checks. The material was
applied directly to the trunks up to the younger growth. On April 9,

1915, twenty-five trees were treated with pure kerosene emulsion,

fifty with carbolineum emulsion and twenty-eight with pure carbolin-

eum. Just previous to these treatments the trees in the whole block

had been pruned carefully. The material was carefully brushed over

the trunks, covering all the cut surfaces of the recently removed

branches.

The experiment was examined on June 28. The block as a whole

showed a severe infestation, sawdust being present at the base of a
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great many trees, and this could be seen for a long distance down the

nursery rows. In the rows treated with carbolineum or its emulsion

no sawdust could be seen and the trees were vigorous growers, the

trunks shoTsdng a beautiful brown color but not an indication of borer

work. The kerosene emulsion had no appreciable effect, nor did it

injure the trees, though it was applied in large quantities. The
treatments applied and results obtained may be quicklj^ ascertained

by consulting Table II. Kerosene emulsion applied pure in the fall

seems to have had some effect but one cannot safely draw conclusions.

Thirty per cent infestation is high, though the average number of

larvae per tree is a minimum. The carbolineum applied pure and its

emulsion gave almost absolute control and seems to me a very simple

and effective means of control under nursery conditions.

Table II. Cryptorhynchus lapathi Linx.

Treatment
When
Applied

Number

Trees
Examined

Number

Infested

Larv.'B

per Tree

(Average)

Not

Infested

Per Cent

Infested

Kerosene emukion (pure) Dec. 4, 1914 20 June 28, 1915 6 1 14 30

Apr. 9, 1915 25 16 2.25 9 64

Carbolineum Dec. 4, 1914 20 0 20 0

Apr. 9, 1915 27 0 27 0

Carlx'lineum Dec. 4, 1914 20 0 20 0

Apr. 9, 1915 50 0 50 01

Check 116 56 2.4 60 48.3

The cost of these various treatments has not been ascertained.

The carboUneum costs at retail prices 11.00 per gallon, and one gallon

should treat at least one thousand to fifteen hundred trees. I am
planning to carry on this work on a large scale during the coming year

and shall probably treat twenty to thirty thousand trees. In this way
the cost of treatment may be determined under commercial conditions.

ESTIMATING THE NUMBER OF GRASSHOPPERS
By E. D. Ball

In most of our published works on injurious insects such terms as

abundant, swarming, numerous and common are used to designate the

number of individuals concerned in a given attack.

The writer has found that in codling moth work the exact number
of worms per tree and per hundred apples, either present or to be antic-

ipated from previous counts, are vital facts in the problem of control,

less than one or two worms per hundred apples indicating a good con-

dition—more than the number requiring additional control measures.

^ One half grown larva was found in July, evidently due to lack of thoroughness

in treatment.

2
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In the sugar beet curly-leaf " studies the actual number of leaf

hoppers per beet was found to be closely proportional to the damage
done under similar cUmatic conditions, the difference between one

and two hoppers per beet making all the difference between success

and failure in crop production in certain cases.

Believing that more definite information would be of value in dis-

cussing grasshopper control, the writer attempted to obtain estimates

of actual numbers concerned in some recent outbreaks. The results

proved to be of more value than anticipated, as by putting egg counts

and swarm counts together a better estimate of danger could be given

than formerly, and, also, that by using these actual figures the danger

was brought home to the people in a way to convince them and arouse

them to united action, such as had never before occurred.

It is too bad that we cannot give the actual amount of food con-

sumed per hopper and translate a billion grasshoppers into bushels of

oats, bales of hay, or tons of sugar beets.

In estimating the number of eggs laid by a swarm of Camnula pel-

lucida, the approximate area infested was determined after discing

the breeding ground so that the eggs showed on the surface (the breed-

ing grounds having been located the previous August).

The heavily infested portion was found by counts to average:

To the square inch 175

To the square foot 25,000

To the acre 1,000,000,000

The area in one valley that was heavily infested was about twenty

acres or about twenty billion eggs ready to hatch. That statement was

sufficient to arouse the community, so that sixty teams and men turned

out for one day and destroyed them.

The young hoppers start to migrate as soon as hatched and dry,

always traveling towards the sun. They travel only on warm days,

stopping if it clouds up and becomes cool or rains. In estimating the

numbers in one of the smaller migrating swarms, the central part of

about three hundred and twenty acres was found to average as follows

:

To the square inch 1

To the square foot 150

To the square rod 41,000

To the acre 6,500,000

To the square mile 4,000,000,000

or that part of the swarm equalled two bilhon grasshoppers. Around

this center there was an average of from ten to fifteen to the square

foot on about four square miles, or one and one-third billion more, or

a total swarm of between three and four billion hoppers. This was
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considered to be an insignificant swarm as compared to those of 1902,

when a total of ten times as many were caught in the county, or

two hundred and seventy-four tons. Estimating that five tons were

caught from the swarm enumerated above (there was some mixture of

swarms) and that they ran about the average catch of eight milhon

to the ton, then this catch of forty milhon out of the swarm of three

thousand, three hundred and thirty million would show that about

one hopper in every eighty-seven was caught by balloons. If the same
proportion were caught in 1902, and there were less if anything, San

Pete Valley had swarms aggregating somewhere near two hundred

billion grasshoppers that year.

These swarms were caught for bounty by using balloons," catch-

ing beginning as soon as a swarm was found large enough to pay, which

meant the capture of from four hundred to eight hundred pounds per

day per outfit. In this way many swarms were caught while the

insects were quite small; others were not found until later when they

would be larger. Many swarms contained hoppers of all sizes, and

finally, late in the season, some catching was done on the breeding

ground where only adults were present, so that the average ''catch"

was probably about half grown. The following table gives the number
by weight at different ages:

Approximate Weight of Grasshoppers

Per Ounce Per Pound
Per Bushel

(60 pounds)
Per Ton

95,000 1,500,000 92,000,000 3,000,000,000

One week old 5,000 80,000 5,000,000 160,000,000

J to i grown—large enough to catch easily .

.

1,000 16,000 1,000,000 32,000,000

Average catch—from small to adult 250 4,000 250,000 8,000,000

55 900 50,000 1,800,000

Adult males 115 1,850 110,000 3,700,000

SOME DEVELOPMENTS IN GRASSHOPPER CONTROL

By F, M. Webster, In charge of Cereal and Forage Insect Investigations, Bureau of

Entomology

During recent years, first the Criddle mixture and soon afterward

the poison bran bait, came rapidly to the front as the most practical

and efficient measures that could be applied in protecting the crops of

the farmer from attacks of grasshoppers which for many years have,

with greater or less frequency, over-run his fields and destroyed his

crops.
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While in many cases—perhaps the majority—excellent results have

been obtained by the application of either one of these two measures,

nevertheless, it frequently occurred that such results proved entirely

unsatisfactory. This has been the case occasionally, even when these

poisons were being used in the hands of expert entomologists. It has,

therefore, for some time, appeared desirable that investigations be

taken up with a view to discovering the determining factor in such

failures, as they could not, in all cases at least, be attributed to lack

of care in preparing and applying these mixtures.

In fact, very often farmers expected to get results in a few hours,

whereas the full effects of the poisons have been found by all of the

men conducting these experiments to extend over three or four days'

time.

With this situation in mind, experiments were undertaken by four

of the cereal and forage insect field stations which together covered a

territory extending somewhat interruptedly from the Atlantic to the

Pacific coasts.

For upwards of forty years there have been periodical outbreaks of

several species of grasshoppers in the Merrimac and Connecticut

River valleys in New England, originating in the intervales along the

river bottoms. At no time have these outbreaks been satisfactorily con-

trolled and they have, in the past, cost the farmers located in these

valleys, immense sums of money. It was with a view to establishing

a systematic piece of investigational work that the writer made a sur-

vey of the Merrimac valley during the summer of 1914.

The particular species of grasshoppers involved in these New
England outbreaks were Melanoplus atlanis, Melanoplus bivittatus,

Melanoplus minor, and Camnula pellucida, besides one or two other

less important species.

With a view of determining whether or not it was possible to control

these outbreaks, Mr. Harrison E. Smith was detailed to take up the

work in New England, and carry it on during the spring and summer of

1915. One of the first obstacles to be encountered was the rather

surprising fact that the young grasshoppers were much more difficult

to kill with the poison baits than were those fully developed. The
doubling of the amount of fruit used in the poison bran mixture, and

adding that ordinarily used in this mixture to the Griddle mixture,

eliminated this difficulty to a considerable extent, as the baits with

the additional fruit appeared to be more attractive to the young grass-

hoppers. Still, there were failures even in cases where these poisons

were used against full-grown insects, and even now the young up to

the third instar do not seem to yield readily to these baits even with

the increased amount of fruit and double the amount of the bait ap-
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plied per acre. This was puzzling for a considerable time until it was

learned that the failure was largely due to the drying out of the baits

before the grasshoppers had been attracted to and eaten sufficient of

them to be killed from the effects of the poison. This difficulty was
eliminated by placing the baits in the fields in the early morning,

before sunrise, so that the insects as they began to feed would be at-

tracted by and feed upon the poison. Mr. Smith's work in New Eng-

land has demonstrated that, over large areas, the experiments in some

cases covering six or seven hundred acres, the results were the destruc-

tion of 95 per cent of the grasshoppers at an expense of from seven to

thirteen cents per acre. With the Criddle mixture, 80 per cent of the

full-grown grasshoppers were killed over the entire area of 30 acres at an

expense of 6J cents per acre.

As illustrating the actual results of the use of these poison baits, it

may be stated that on a farm near Franklin, N. H., two applications

of the poison bran bait resulted, in certain places, in as high as 550 dead

grasshoppers in the space of a square foot. Furthermore, some of

this work was carried on in pastures where valuable cattle were

continuously grazing and in no instance did any domestic animal

or bird suffer the least ill effects, so far as could be observed.

During the first week of the following September over these treated

fields there was not to be found on an average one individual to the

square rod.

During the last few years many complaints have been received of

attacks of grasshoppers in Florida and recommendations involving the

use of these poison baits usually resulted unsatisfactorily, wherever

results were reported at all. The species involved was the large ^'luh-

ber" grasshopper, Romalea microptera. Farmers in many sections

became discouraged and were convinced that these poison baits could

not be used effectively against this pest. Mr. R. N. Wilson, in

charge of the field station at Gainesville, Fla., took up the work of

determining the cause of such failures. While the actual cause of

these failures was not determined, it was learned by actual experiments

that the poison bran bait, properly prepared and apphed would work

thoroughly and effectively in destroying these grasshoppers. After

carrying out a series of experiments, Mr. Wilson induced five farmers

in the vicinity of Fellsmere, Fla., to make careful observations during

the following two or three days, and report results. As reported to

him, this bait not only attracted the grasshoppers, but killed at least

50 per cent within twelve hours, while these farmers, by placing the

grasshoppers in confinement after their having fed on the poison,

found that all died within 48 hours. The result of the experiment

among the farmers was that, as expressed by one of them: ''We now
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feel that we have the grasshopper situation well in hand and that,

thanks to you, the problem is solved.''

Another experiment carried out hy I\Ir. Theodore D. Urbahns at

Gustine and San Diego, Cal., resulted equalty satisfactorily. In

this case the species involved were M. differentiaUs, M. unijormis, M.
destructor, and Camnula pelludda. The usual formula was used by
Mt. Urbahns, except that 6 lemons were used for each 25 pounds of

bran, with 2 quarts of cheap syrup and 3 gallons of water. ]\Ir.

Urbahns was able to protect alfalfa fields where the plants were IS

inches high and the insects feeding destructively along the border of

the field. In his experiments he found that ahalfa meal was about

equal to wheat bran in value, thus giving an alternative where farmers

can obtain alfalfa meal more readily than wheat bran, the price being

practically the same. Sugar beet pulp was also used but its effective-

ness was found to be of shorter duration than that of the bran or alfalfa

meal.

Ybvj satisfactory results were obtained with this poison bait mixture

by Mr. E. L. Barrett of the Pasadena, California, laboratory in ex-

periments carried out hj him in the Imperial ^^alley, covering two

areas, one of about 20 acres, on a ranch at HoltsAdlle; and another of

about 10 acres, near Brawley, Cal. Seventy-two hoiu"s after the

poison was put out, there were found on an average of about 150 dead

grasshoppers per square 3^ard. As the effects of the poison would

extend beyond that time, it is free to presmne that the destruction

of these insects were still greater than these figures would indicate.

An attempt to control grasshoppers hy these poisons in the ^dcinity

of Tempe, Ariz., was ineffective, and we had a recurrence of the con-

ditions where an expert entomologist failed to secure satisfactory

results with the poison. Later, however, experiments were carried

out in this same locality, the only difference in the bait being that

instead of an ordinary' good grade of molasses, sorghum molasses was

substituted. Otherwise the same formula was used as that employed

by Mr. Urbahns, excepting that 2 gallons of water per each 25 pounds

of bran was used in preparing the mixtm^e. The application was

made August 12. Two days later the average count over the field was

167 dead grasshoppers to the square rod, while as a final result 95 per

cent were killed. Here the species involved was chieflj^ Melanoplus

differentiaUs. Thus it has been learned that the chief cause of failm-e

has been in that, when this poison was used against the j^oung grass-

hoppers, too small amounts of fruit were utilized in making the bait,

and the failures when used against full-grown grasshoppers were largely

in that the baits were lacking in moisture and hence less attractive

when the grasshoppers began to feed upon them. Then, too, there
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seems to be something in the nature of the molasses or syrup used as is

evidenced by the results obtained in Arizona.

Perhaps, as indicating the rapid advancement in applied entomol-

ogy, we might present as a contrast the following extracts from Curios-

itaten der Physisch-Uhrarisch-artistisch-historischen Vor- und Mitwelt,

etc., periodical published by Vulpius in Weimar 1811, I, p. 390:

"Aventinus relates the oldest instance in the Bavarian Chronik (p. 302) at the

time of King Ludwig IV (reigned 936-954) the large grasshoppers came on the Rhine
and devoured cereals, grasses, and vegetation of that kind. The priests held great

processions, parading with the sacred objects about the fields, and prayers in the

churches, in a word, a great spiritual agitation developed, 'but nothing would help,'

adds the chronicler."

"In the 14th century, relates Uland in his writings on the history of poetry and
sayings, the Bishops of Thur and Lausanne spoke to the entire church train about

the robber fishes, earth worms and grasshoppers. Previously there used to take place

a regular trial before the church court with aU the rules of jurisprudence, the defend-

ants were caUed, an attorney was assigned them on appearance, who dealt with the

prosecutor, and then only rendered decision."

"As late as 1479 in the Canton of Bern there was great insect damage. The dep-

redators were invited before the church court of the Bishops of Lausanne, to which

diocese Bern then belonged, and after trial they were solemnly given the ban in the

name of the holy Trinity. The Bern city recorder, who presents this fact, adds that

'it did not help.'
"

There are occasions when the use of a hopperdozer is, temporarily

at least, profitable, as for instance while the materials to be used in the

baits, and which are not always quickly obtainable , are being secured,

and when it is desirable to put immediate stop to the work of these

pests. A cheap and easil}^ constructed hopperdozer (see fig. 21) has

been devised by the farmers of Kansas which may be described as

follows: The frame is constructed of two by fours (2 x 6 is better if

land is rough and hilly), 16 feet long, with 4 compartments to keep

from sloping endwise on side hill land, and the width of a sheet of

galvanized iron. Have runner on each end and one in middle, put on

with screws; 2 iron loops on each end, 3 or 4 on back side. Make
wooden standards 36 inches (or the width of common cotton factory

cloth) long to fit in the loops, with shoulder so they will not slip down.

Put them in place, then stretch the cloth around two ends and back

side and tack in place with large head tacks. The idea of this canvas

back is to make pan lighter and when not in use the standards can be

pulled out and cloth rolled up and stored in dry for future use. The

pan is to be water-tight and with a clevis and singletree hooked to each

end runner with horses spread apart; it has a tendency to gather the

hoppers into the pan and the idea of a long pan is to get over the most

ground, quickly, with least travel. This improved pan is much less

expensive than the hopperdozer ordinarily recommended, is much
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more easily constructed, and, as has been indicated, when not needed

for use it can be folded up and put away until occasion requires its

further use.

Entomologists will, the writer is confident, be interested in having

a histor}^ of the origin of the '^Criddle Mixture" by Mr.' Criddle him-

self, and therefore no apologies are offered for including in this paper

some notes on the Criddle mixture kindly sent to the writer by the

originator of this, one of the least expensive and most useful and
effective of our insecticide mixtures.

The origin of the grasshopper bait, christened by the late Doctor Fletcher, ''Criddle

^Mixture, " was due to an observation on the part of Mr. Norman Criddle that grass-

hoppers were in the habit of abandoning all vegetation in favor of freshly-di'opped

horse dung, this preference being so marked as to leave no doubt in the minds of even

the most casual observers. Droppings left several hundred feet in the midst of

growing grain at once attracted grasshoppers from the edges of fields so that they

might be seen marching steadily towards the direction from which the odor came,

and then, having speedily devom^ed the "droppings," they attacked the surrounding

crop with the result that a large bare patch would be made in the midst of it. A few

examples such as this seem in themselves sufficient evidence of the substances'

attractiveness, but if more were needed the roads and manure piles amply verified

what had been observed before.

"The second ingi-edient, salt, was also added thi'ough observation. It is well-

known that clothing and the handles of any farm implement will attract grasshoppers

on account of the salty taste, caused through contact with the human skin, while

experiments supplementary to this observation showed that they readily ate any
article steeped in salt water. For this reason salt was added and proved particularly

valuable after the droppings became dry.

"The third ingredient was largely a matter of cost and convenience. Paris green,

arsenic or arsenite of soda would doubtless prove equally successful as a killing agent,

and Paris gi-een was selected on account of its availabihty in sufiident quantity.

After numerous experiments the following formula was adopted as most suitable:

Horse droppings, preferably fresh, by measure one hundred parts;

Paris green, one pound or part

;

Salt, one pound or part.

"

"This approximates 15 gallons by measure of horse manure to one pound of Paris

green and salt. It may be mixed in two ways, namely, dry with sufiicient water

added to make a thoroughly moist, but not sloppy, mash; or by placing the Paris

green and salt in water fii'st and pouring this over the 'droppings.' Before appli-

cation it is necessary to pay some attention to weather conditions, cloudy days, or

those in which the temperature is below 60° F., should be avoided and preference

given to those in which sunshine and heat predominate. In applying it the best

method seems to be to scatter it thinly among the gi^asshoppers every few days. It

can, however, be put out in small heaps, in which condition its attractiveness lasts

longer but it is more dangerous to stock.

"There is no doubt whatever as to the remarkable attractiveness of this mixture

at all periods, from the time of the locusts' appearance in May until they die in

September, or of its superiority over any other form of extermination yet tried in

these parts. The evidence of farmers is ahnost unanimous on this point, and all the

best type speak with enthusiasm of its value, the few exceptions being due to faulty

methods in its apphcation and mixture. My brothers and I have also used it con-
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tinuously for the last ten years with perfect success and at very small cost, the last

occasion being this season when we undoubtedly saved many acres of crop, while on

more than one occasion its use undoubtedly saved the whole crop as was shown by
the destruction of those not treated.

'•'This, however, refers only to Manitoba, as my experiences have been but casual

outside, but I am of opinion that climatic conditions, particularh' humiditj", play an

important part in the success or failm^e of this mixture. From a few observations

made in Quebec some years ago, I found horse dung far less attractive there, and the

roadways, which in ]\Ianitoba would be swarming with locusts, were comparatively

free. Judging from this, I would expect to find it valueless in the moister parts of

Canada and the United States, and most useful in the diyer Northern States, par-

ticularly the Dakotas, JViinnesota and Montana, as well as Alberta, Saskatchewan

and ]\Ianitoba.

"Why a mixture so attractive in Manitoba should prove useless in Quebec in a

time of drought with the same species of gi^asshopper involved, is difficult to answer.

That it is so there seems no doubt, and the problem is therefore to ascertain, with

accurac}^, what the conditions are and where the conditions are favorable or otherwise.

I should consider a trustworthy indication would be to watch the freshlj'-dropped

dung and roadwa3^ WTien this is eaten freely, the mixtui'e should prove a success,

when grasshoppers are not so attracted, it yriU. prove a failure.

"It may not be out of place to remark in conclusion that stable water from behind

the stalls is even more attractive than dung and has proved a remarkable attractant

when mixed with other material such as bran or sawdust, while grasshoppers have

been observed to actually devom- the earth in places where it has been left. Dry
cow dung is also readily devoured.''

While it will be observed from the foregoing that it has been entirely

practicable to destroy from 75 per cent to 95 per cent of the grasshop-

pers present in given areas, thus showing that these methods perhaps

offer the greatest protection to a majority of farmers and ranchmen,

there are cases where, owing to a variation in existing conditions, other

precautions must be taken. These insects deposit their eggs in waste

lands, in many cases lands that owing to their nature it is impossible

to bring under cultivation. Myriads of 3"0ung are produced and de-

velop in such breeding grounds and continue to migrate therefrom for

a considerable period of time, so that the destruction of even 90 per

cent of the grasshoppers present at any one particular time frequently

does not offer entire protection to the farmer. Therefore other

measures for destrojdng these pests must not be overlooked.

During the past season several owners of large areas in New ^Mexico

tried discing, harrowing and other methods of shallow culture during

fall or winter to destroy the eggs. Spring culture of this character

will not destroy the eggs. While of course winter culture cannot be

carried out in the northernmost part of the country, it is entireh^

feasible in many sections of the South, where grasshoppers prove a

grievous pest. And in the northern part of the countrj^ man^^ areas

of waste land can be disced or harrowed or otherwise stirred in the fall

to a depth of two or three inches.
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One of the most striking examples of the advantages of this method
that has come to our notice during the past season was in the case of a

farmer in the vicinitj^ of Wagonmound, New Mexico, who had made a

practice of discing all his ditches, fence rows, and other waste places

on an extensive ahalfa farm, as well as discing alfaKa itself. During

the summer of 1915 there were ver}^ serious ravages of grasshoppers

in that neighborhood but this farm almost entirely escaped grasshopper

attack. If this were a single instance it might be termed a coincidence,

but all through that country, where waste areas were treated in this

way during fall or winter, it was Yery easy to pick out such later on

during summer on account of the slight damage done by the grass-

hoppers.

The greatest objection to methods of this sort is, however, the

difl&culty in arranging for a thorough cooperation. If farmers over a

considerable area would all combine and go over the waste lands where

possible with disc harrows, or even other harrows, and cultivate to the

depth of a couple of inches, they would derive a vasth' greater benefit

than would seem possible. In fact if this method of treating waste

lands were followed during the fall or winter where possible, supple-

mented the following year by the use of poisoned baits, it is doubtful

if any one need suffer seriously from the attacks of grasshoppers in any

section of the United States.

SOME STUDIES ON THE SNOWY TREE-CRICKET WITH
REFERENCE TO AN APPLE BARK DISEASE

By p. J. Parrott, W. 0. Gloyer and B. B. Fulton

Recent years have been characterized by great activity in the study

of insects as carriers of human and animal diseases. A cursory peru-

sal of literature suggests that much less attention has been directed

to the role that these agents play in the dissemination of disorders of

plants. Observations of the snowy tree-cricket (CEcantJms niveiis

D.G.) on apples have indicated that the investigation of the activities

of this species on this host would prove a fruitful problem for study and

furnish a contribution to the knowledge of this somewhat neglected

field.

One who has noticed the work of (E. niveiis on apple can hardly fail

to form the opinion that this species is in some way connected with the

spread of a bark disease of this fruit. Even to superficial observations,

that there is a relationship between this insect and some parasitic

organism, is plain and unmistakeable. The opinion that there is

some such association is formed from the fact that the tissues about
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the wounds in the bark produced hy the insect are much discolored or

dead. The diseased areas range generally' from one-fourth of an inch

to an inch in diameter, while the bark within these limits varies from

purplish or reddish-brown to pale brown, depending a^pparently on the

extent and age of the infection. Usually most of the affected spots

are circular or somewhat oval in form, and occasionally there -is a

large irregular extension of the original infected area as if there had

been a renewal of activities by the infectious agent. The bark within

the area of infection is generally slightly depressed and may also

be separated from the sound bark by a distinct line or narrow crack.

In more advanced stages cracks develop, separating the dead area from

the surrounding living tissues, and there is formed a core which adheres

loosely to the wood, affording attracti^-e situations for the woolly aphis.

From the wounds made by the insect, located as a rule in the center

of the diseased areas, one may observe in April or j\Iay more or less

flowing of a gummy, reddish-colored liquid, which on drying leaves a

resinous product about the orifices of the punctm^s. In their exter-

nal appearances and effects these cankers resemble superficially cer-

tain stages of the New York apple-tree canker {Sphoeropsis malorum

Pk.) or the blight canker of apple trees {Bacillus amylovorus (Burr.)

de Toni)

.

Our investigations on the tree cricket with reference to this dis-

order of apples have been along three lines, (1) to identify the infec-

tious organism of the apple bark, (2) to ascertain the habits of the

tree cricket to determine in what ways it may act as a carrier of

the disease and (3) to make experimental attempts to reproduce the

disease in apples by using the crickets as carriers of the spores. These-

studies were conducted jointly by the Departments of Botam^ and

Entomology of the Geneva Station, the former department directing^

the work involving the determination of the fungi and the ctiltural and

experimental operations with the disease organisms.

Idextificatiox of CArsAL Agent of Bark Disease

The primary steps in this cooperative effort involved the deter-

mination of the causal organism, which was essential before there

could be a really intelligent understanding of the exact role of tree

crickets in the dissemination of the disease. Cultural and micro-

scopical studies conducted to this end have revealed the interesting

fact that the causal agent of the bark trouble in New York was, in

the majority of cases, neither the New York apple canker {Spharopsis

malorum) nor the fire-blight canker (Bacillus amylovorus), as formerh-

supposed, but a species known as Leptospharia coniotlnjrium (Fckl.)
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Sacc. (Coniothyrium Fuckelii Sacc). According to Duggar^ this is a

iungus which, as a disease-producing organism, has been known only

a few years. O'Gara^ lists it as occurring on apple and rose at Wash-
ington, D. C, and on apples in a nursery near Clemson College, S. C.

It is stated by this writer that most of the infections took place where

the bark of the trees had been bruised or slightly broken by the tools

or harness in cultivating. He also records that in one nursery serious

infection was found on apple trees which adjoined a clump of wild roses

badly infected with the disease. The trees nearest the roses showed the

greatest number of infections. In New York this fungus had, up to

the time of this investigation, attracted no attention either as an

apple or as a rose pest, but since 1899 it has been regarded in this state

as a widespread and serious disease of raspberries, which is known as

Raspberry Cane Blight. It is essentially a wilt disease, and the prin-

cipal damage results to the fruiting canes. The whole cane may be

involved or only a portion of it. As to the manner of infection Clin-

ton^ thinks that the fungus gains entrance through the flowers and

fruit, the spores being apparently spread by bees and other insects.

Stewart,^ as a result of his extensive and careful studies of the dis-

ease, believes that infection occurs in wounds of various kinds and that

a break in the epidermis usually precedes the attack. He also states

that cane-blight often starts in wounds made by the '^heading back"

of new canes, by the removal of branches, by the rubbing of canes

against each other or against supporting wires, and particularly in

crotches where the branches are more or less split apart, and in wounds

made by the snowy tree-cricket GEcanthus niveus (nigricornis) during

oviposition. ''The wounds thus made furnish a lodging place for

Coniothyrium spores and also for water necessary to the germination of

the spores, making the conditions exceptionally favorable for infec-

tion. That infection does actually occur in tree-cricket wounds is

shown by the large number of instances in which the cane is covered

with Coniothyrium pycnidia in the vicinity of the wounds, usually just

below them. The well-known tendency of cricket-injured canes to

break at the point of attack is probably due, in part, to brittleness

induced by the Coniothyrium. It appears that the injury done by

the tree cricket is often much aggravated by the cane-blight fungus.

While Coniothyrium often takes advantage of wounds it is by no means

-certain that it should be classed as a wound parasite." As to the

methods by which it is distributed, Stewart suggests the dissemination

^Duggar, B. M., Fungous Diseases of Plants, p. 354.

2 0'Gara, P. J., Phytopathology, Vol. 1, p. 100, 1911.

^Clinton, G. P., Conn. Exp. Sta., Report (1906): 321-324.

^Ste\\art, F. C, N. Y. Ag. Exp. Sta., Bui. 226, pp. 331-366.
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of infested plants through the nursery trade and the carrying of spores

by wind and rains, or by pickers or workmen in pruning the vines.

The suggestion is also made that birds and insects carry the spores

to a limited extent. The fact that the blight is so abundant and
destructive to raspberries and that, while the tree crickets occur in

great numbers on raspberries, they prefer apple wood for oviposition

is additional presumptive evidence, tending to support the theory that

these insects have a hand in infecting apple trees with the disease.

Cektain Habits of Tree Crickets which Favor Dissemination

OF the Bark Disease

In the absence of definite data as to the actual part played by the

insects in the dissemination of this trouble, it appeared from the start

that two habits of tree crickets should be carefully studied, which are,

(1) their feeding habits, and (2) their oviposition habits. Tree crickets

are omnivorous creatures and subsist on a diet of wide assortment.

In their early life they feed extensively on plant lice, leaf-hoppers,

tingitids and scale insects. At times they also exhibit cannibalistic

tendencies, directing their attacks to the tips of the folded wings or to

portions of the abdomens of one another, while those offering feeble

resistance may be devoured outright. As the insects approach the

mature stage, they develop more pronounced phytophagous and my-
cophagous habits, feeding on the floral organs of various plants, on

foliage, on fruits of different sorts, and such minute fungi as may be

found on bark or decaying vegetation.

The snowy tree-cricket oviposits in a great variety of plants, among
which may be mentioned* apple, plum, cherry, walnut, raspberry, elm,

peach, witch hazel, chestnut, butternut, wild crab-apple, hawthorn,

red oak, maple and lilac. The largest numbers of eggs have so far

been found in apple, plum, cherry and elm. The areas selected for

the reception of the eggs varies according to the variety of plant and

the age of the wood. With the raspberry, the eggs are inserted at the

sides of the buds in the fleshy parts in the axils of the leaves but they

do not extend into the pith, while with the elm the eggs may be most

commonly observed in the corky areas and they do not as a rule reach

the soft inner bark. In the case of other trees, especially the apple,

deposition on the smaller branches occurs about the thickened bark

at the bases of the twigs. With older wood, the eggs may be found

about all areas of the bark, and frequently they are inserted through

the lenticels and are placed in the inner soft bark. . In making a hole

for the reception of the egg a groove is sometimes cut in the surface

of the underlying wood, but the female generally avoids drilling to

any appreciable distance in such hard structures.
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The process of egg deposition is briefly as follows: The female,

having selected a suitable spot on the tree, first gnaws a hole in the

bark. She then advances forward, and moving the ovipositor at right

angles to her body, inserts the tip of it in the wound and proceeds to

bore the hole for the reception of the egg. The drilling is accom-

plished by a thrusting and rotating motion of the ovipositor. After

boring to a suitable depth, the egg is deposited. An adhesive substance

is then discharged, which is kneaded about the egg by the ovipositor.

Attention is also called to the curious habit of the female which, at

the conclusion of the drilling operation, usually defecates and then,

when the egg is deposited, conveys the excreta by means of her mouth
to the wound and gently kneads it to form a neat cap to the opening.

In studying the feeding and oviposition habits of the snowy tree- .

cricket it appears that infection of apple bark might take place as a

result of (1) wounds produced by the gnawing of the bark by the

female as the initial step in the act of oviposition; (2) by means of

the ovipositor, the adhesive substance discharged at the time of dep-

osition, serving to collect and to hold the spores which may later be

left in the holes during the drilling process; and (3) by the introduction

of spores in the ovipositionwounds on account of the remarkable habits

of the insect, which employs its excreta to close the openings in the

bark after the deposition of the egg. Our attention has largely been

devoted to the consideration of the last point, which has involved a

study of the viability of the mycelia and spores of fungi after passage

through the intestinal tract of a number of the crickets and experi-

ments in the orchard using tree crickets as carriers of the spores of

several of the more important bark diseases of the apple.

In our work to determine the effects of the digestive processes of

the insects upon the vitality of the spores the following methods

were employed: Tree crickets to the number of twelve to twenty

individuals were confined in breeding cages containing raspberry

shoots and apple twigs which were abundantly infested with plant

lice. Spores of various fungi were introduced into the breeding cages

in a 5 per cent cane-sugar solution which was atomized over the

foliage or through sections of wood which were affected by some of

the common bark diseases. At varying intervals of time microscopi-

cal and cultural studies were made of the excreta to classify the differ-

ent species of spores in the alimentary wastes and to determine their

viability in ordinary agar cultures.

Some of the more interesting results obtained in these tests may be

briefly summarized as follows:

1. The crickets fed readily on diseased areas of apple and

raspberry canes, even when foliage and lice were abundantly
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supplied. In one cage containing cankers of the New York
apple ca.nker, Sphceropsis malorum, and spores of the blister

canker Nummularia discreta Tul. applied to foliage, an examina-

tion of fifty pellets showed twelve pellets without spores of either

fungus; twenty-eight pellets with spores of the New York apple

canker, and twenty pellets with spores of the blister canker.

In many instances spores of both diseases were found in the

same pellets.

2. When crickets were starved two days before feeding, spores

of various fungi passed throiigh the intestinal tract in a period

of six and one-half hours.

3. When tree crickets were allowed to feed normally before the

tests, spores of various fungi, including the New York apple

canker and blister canker, were found in the excreta four days

after diseased wood was removed from their diet.

4. Cultural tests of spores in the excreta showed that spores

of the New York apple canker and the Mica Inky Cap (Coprinus

micacious) passed unharmed through the intestinal tracts of the

crickets. Spores of the blister canker showed poor germinating

qualities. The feeble growth of the stock cultures suggests that

the spores possessed low vitality, which may be explained by the

fact that they were taken from museum material nearly one

year old. The excreta of these insects possess a rather extensive

flora, which includes such forms as Penicillium, Alternaria, Pesta-

lozzia, Asperillus, a Myxomycete, and many bacteria and yeasts.

Most of these showed a high rate of germination after being

subjected to the digestive processes of the tree crickets.

5. In twelve attempts to establish the New York apple canker,

the Coniothyrium canker and brown rot (Sclerotinia fructigena

(Pers.) Schroet.) in peaches and apples, all proved failures except in

one experiment where there were three slight infections by the

Coniothyrium canker. On account of the readiness with which

the insects feed on the spores and the abundance of these organ-

isms in the excreta, it would appear from the work already

accomplished that conclusive experimental proof of such carriage

of bark diseases ought not to be difficult to demonstrate, especially

with a better understanding of the conditions favoring inocula-

tion and incubation, to which plant pathologists are now de-

voting considerable attention.

While the foregoing data dealing with the viability of spores of vari-

ous bark diseases after passage through tree crickets are new, it should

be stated in conclusion that the existence of pathogenic microorganisms

in the digestive tract of insects and their degrees of resistance to the
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digestive processes of various forms of animal life have been discussed

by other writers. House-flies captured in the open are said to show a

great variety of spores. Dr. Graham Smith states that feces, de-

posited by flies, contain organisms in considerable numbers for at

least two days after feeding by the insects and that they are fre-

quently infective for much longer periods. Anthrax spores, according

to this writer, survive for many days on the exterior of the insect as

well as in the alimentary canal. Some writers maintain that the

danger of disease germs that pass through the body of the common
house-fly is greater than from those supposed to be carried from foul

substance on their feet. Studies on the Fusarium rot of corn showed

that the germinating powers of this disease were little or not affected

when subjected to the digestive processes of chickens. The studies

by Morse on potato scab indicated that the spores of this disease are

able to pass through the digestive tract of both horses and cows and

go into the manure pile without being destroyed, but much more

readily with the former than the latter. The manure of horses is

very likely to carry the germs of this disease. Similar views are held

by plant pathologists generally with respect to corn smut, cabbage

club-root, and other plant diseases.

A NEW SPECIES OF GONATOCERUS (MYMARIDiE) PARA-
SITIC ON THE EGGS OF A NEW SPECIES OF

IDIOCERUS (BYTHOSCOPIDiE) FEEDING
ON POPLAR

By M. D. Leonard and C. R. Crosby, Ithaca, N. Y.

On May 29, 1914, a resident of Ithaca brought to the Insectary

some poplar branches badly infested with nymphs of a Bythoscopid.

No further opportunity was presented for the study of the insect until

the spring of 1915 when, on April 1, we procured some small branches

from the infested trees and placed them in water in a warm room in

order to force out the buds. The eggs began to hatch on April 19 and

the flrst adults were obtained on May 14. The insect was at first

thought to be Idiocerus alternatus Fitch but, owing to discrepancies

between the fife history of that insect as described by Osborn and

Bah (Iowa Agr. Exp. Sta. Kept, for 1897, p. 118) and the life history

of the species under discussion, we were led to question the determi-

nation. Prof. Herbert Osborn has kindly compared our specimens with

those in his collection and informs us that he is of the opinion that they

represent an undescribed species.

3
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Idiocerus gemmisimidans new species.

Female. Length, 7 mm. Vertex yellowish with a dark brownish irregular line

connecting the eyes along the crest; the usual spots on the vertex indicated by two
small more or less indistinct brownish dots; vertex mottled with brownish, especially

at the inner upper angle of the eye and in the center where it is more or less bluish in

certain Ughts. In the darker specimens a broken irregular dark brownish pro-

curved line connects the antennae. OceUi situated on dark brownish spots. Face

pale yellowish. Sculpture of vertex finely, transversely rugulose. Basal segment of

antennae yellowish, second segment blackish, remainder yellowish to dark brownish.

Prothorax with bronzy reflections, brownish, sometimes mottled with bluish,

transversely rugulose; sculpture more pronounced than on the vertex. Scutellum

brownish, paler behind, rugulose in front of the depressions and transversely striate

behind. Wings pale brownish, veins with akernating dark brown and white por-

tions. When the wings are at rest the following white portions of the veins are most

conspicuous: terminal portion of 2d A (which when the wings are closed makes in

combination with the white vein on the opposite wing a conspicuous V-shaped mark)

;

a section near the base of Cu opposite the fork of R; the fork of R; and the junction

of Cu2 and 1st A. Legs brownish yeUow; tibiae with a more or less distinct dark

brownish stripe extending along the basal half of the outer edge. Claws blackish.

Ventral aspect of insect yellowish.

Male (PI. 30, Fig. 6). Length, 6 mm. Coloration of head similar to that of fe-

male. Prothorax shghtly more grayish with two irregular blackish spots in center

and one on either side on posterior border. Scutellum yellowish brown with a

blackish bar in front notched in the center behind, and nearly interrupted by two

large areas of the ground color; behind this bar are two small blackish spots. Mem-
brane of wings for the most part pale brownish, more pronounced at tip, veins "with

alternating whitish and dark brownish or blackish portions. The extent of the dark

brownish portions on the wings varies to a considerable extent but is often as shown

in PI. 31, Fig. 10. The markings on the wings are more distinct than in female.

Antennae and legs similar to those of the female. Antennae without discs. Face

of the male (PI. 31, Fig. 9) similar to that of female. In the Hghter specimens the

motthng on the vertex, which in the darker specimens often forms a more or less dis-

tinct band connecting the eyes, is very faint, and the procurved line connecting the

antennae lacking.

Egg (PI. 30, Fig. 7). Length, 1.36 mm., width, .4 mm., bluntly rounded at poste-

rior end, tapering gradually to anterior end which is obhquely truncate and provided

with a dark brownish cap; pale translucent, shiny; chorion finely punctate.
.

The eggs (PI. 31, Fig. 8) are inserted in groups of five to ten, eight being a common
number, just under the bark of the green twigs, usually just above a bud. The
eggs He flat in a more or less curved row under a thin flap of bark which soon turns

brown.

Nymphs.

Stage I (PI. 30, Fig. 1). Length, 1.29 mm., width of head including eyes, .63 mm.
General color shining dark brown or black. Head with a narrow yellowish median

fine. Thorax with a broader yellowish median line of varying width. First and

second abdominal segments yellowish; the latter brownish laterally. Eyes reddish.

Antennae pale yellowish, except basal segment which is black. Coxae, trochanters

and extreme base of femora pale yellowish; remainder of femora and basal half of

tibiae dark brownish or blackish; terminal half of tibiae and first tarsal segment pale

yellowish; whole of second segment of fore tarsi, and tip of second segment of middle

and hind tarsi, blackish; claws blackish.
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Stage II (PI. 30, Fig. 2). Length, 1.98 mm., general color dark brownish to black-

ish. A pale yellowish median stripe, varying in width, extends from near the vertex

back to the middle of the third abdominal segment. Segments five and six of ab-

domen yellowish in center. These yellowish markings vary considerably in extent

and distinctness in different individuals. There is also a pale yellowish fine on the

head bordering the inner margin of the eyes. Eyes reddish. Antennae pale yellow-

ish except basal segment which is blackish. Coxae, trochanters, extreme base of fe-

mora and tip of middle and hind tibiae pale yellowish or whitish. Tip and base of

fore tibiae and tip of fore femora light brownish. First segment of tarsi whitish or

shghtly tinged with brownish; second segment of tarsi blackish; claws Hght brown-

ish.

Stage III (PI. 30, Fig. 3). Length, 2.61 mm., width of head including eyes,

.85 mm. In this stage the general color is somewhat Hghter than in the two preced-

ing stages and the yellowish median stripe is considerably broader. It varies in

extent and width but is usually about as shown in the figure. Head wholly tinged

with brownish, with dark brownish or blackish on caudal margin inside eyes. Eyes
and antennae as in preceding stage. Legs dark brownish or blackish except for the

following parts: coxae, trochanters, extreme base of femora, and tip of middle and
hind tibiae and first tarsal segment, pale yellowish; tip of fore tibiae, tip of femora,

base of tibiae, center of second tarsal segment, and the claws, hght brownish. Met-
athoracic wing-pads extend back to second abdominal segment and mesothoracic

wing-pads noticeably produced backward.

Stage IV (PI. 30, Fig. 4). Length, 3.88 mm., width of head including eyes, 1.57 mm.
Markings variable but in general as shown in figure. Paler than in preceding stage

being rather hght brownish. Head pale bro"WTaish. Median yellowish area broad

on prothorax, narrowing on mesothorax, then wider on metathorax. Laterad of

this area on the pro- and metathorax pale brownish, on mesothorax dark brownish.

Abdomen with two large yellowish areas narrowly connected on the median line,

bordered laterally with dark brownish. Eyes and antennae as in preceding stage.

Legs yellowish brown, femora paler at base and tip. Fore tibiae tinged with dusky

except at base. First tarsal segment yellowish tipped with dusky; second segment

dark brownish or blackish, hghter in middle; claws brownish. Wing-pads extend

back nearly to third abdominal segment.

Stage V (PI. 30, Fig. 5). Length, 4.9 mm., width of head including eyes, 1.98 mm.
Head pale brownish. Prothorax yellowish or brownish yellow, hind angles darker;

mesothorax brownish except a yellowish median portion and a yellowish spot on

either side of this, as shown in figure. Metathorax yellowish in center as in prece-

ding stage; wing-pads pale brownish. First two segments of abdomen brownish yel-

low, remainder of abdomen yellowish except the lateral margins of segments five to

nine which are dark brown and a blackish band interrupted narrowly along the

median line and including the posterior two-thirds of segment three and the whole

of segment four. Antennae and eyes as in preceding stage. Legs hght brownish;

first segment of tarsi yeUowish, second segment at base and tip, and the claws,

tinged with brownish. Wing-pads extend back to middle of fourth abdominal seg-

ment.

Until about the fourth stage the nymphs remain feeding on the

leaves. In the fourth and fifth stages they are found on the smaller

t-^igs resting usually with the head directed towards the base of the

branch. In this position they bear a striking resemblance, both in

form and color, to the buds of the poplar.
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Idiocerus gemmisimulans
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Described from thirty-four adult specimens—thirteen females and

twenty-one males. Reared on the common poplar, Populus deltoides

Marsh, and from Lombardy poplar, Populus nigra italica Du Roi, at

Ithaca, N. Y. The descriptions and drawings of the nymphal stages

were made from living specimens. Types in the Cornell University

collection.

This species is most closely related to I. lachrymalis Fitch, from

which it may be distinguished by the fact that the antennae of the

males lack discs, the absence of the spots on the face, the less distinct

spots on the vertex, and the presence of a blackish line on the tibiae.

The Egg-Parasite. On May 20 it was noticed that parasites

were emerging from the eggs of Idiocerus through a small round hole

in the bark overlying the egg-clusters. Six specimens were secured

of which four were females and two males. This species is apparently

undescribed.

Gonaiocerus ovicenatus new species.

Female (PL 31, Fig. 12). Liength, 1 mm., ovipositor, .36 mm. General color black,

the eyes dorsally and posteriorly narrowly margined with white. A broad band on

the vertex connecting the eyes and including the ocelli, whitish. Thorax and abdo-

men uniform black. Ovipositor black, distal third bent slightly downward. An-

tennae brownish, radicula slender, one half as long as the scape. The scape is com-

pressed, widened below, the articulation with the radicula marked by a whitish

band; pedicel obconic. The relative length of the segments of the antennse is indi-

cated by the following ratio: radicula and scape, 36; pedicel, 18; funicle segments

10, 12, 16, 15, 18, 17, 16, 16; club 40. Legs blackish, base and tip of front femora,

front tibiae, and tarsi of all the legs paler; terminal tarsal segments darker than basal

segments. Wings hyaline. Front wing one-third as wide as long. Length of

longest marginal ciHa about one-fifth width of the wing.

Male (PI. 31, Fig. 11). Length, .9 mm. In color similar to the female. Whitish

markings on the head as in the female. Antennse brownish, thirteen segmented.

The relative length of the segments of the antennse is indicated by the following

ratio: scape 15; pedicel, 10; funicle segments, 20, 25, 24, 20, 22, 25, 25, 25, 22, 23, 22.

Scape short, rounded below; pedicel broadly obconic; first funicle segment

broader than succeeding segments; the segments of the funicle coarsely ridged

longitudinally.

Described from four females and two males, reared at Ithaca, N. Y.,

from the eggs of Idiocerus gemmisimulans Leonard and Crosby, May
20, 1915. Types in the Cornell University collection.

According to Girault's table to the species of Gonatocerus (Trans.

Am. Ent. Soc, 37: 273), this species would run fairly well to G. maga

Girault, from which it may be distinguished by the antennal char-

acters given above.

Our thanks are due to Professor Osborn for examining our speci-

mens of Idiocerus and comparing them with specimens in his collec-

tion.
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Explanation of Plates 30 and 31

Fig. 1. Idiocerus gemmisimulans, first stage nymph.
Fig. 2. Idiocerus gemmisimulans, second stage nymph.
Fig. 3. Idiocerus gemmisimulans, third stage nymph.
Fig. 4. Idiocerus gemmisim.ulans, fourth stage nymph.
Fig. 5. Idiocerus gemmisimulans, fifth stage nymph.
Fig. 6. Idiocerus gemmisimulans, adult male.

Fig. 7. Idiocerus gemmisimulans, egg.

Fig. 8. Idiocerus gemmisimulans, cluster of eggs in position.

Fig. 9. Idiocerus gemmisimulans, face of male.

Fig. 10. Idiocerus gemmisimulans, wing of male.

Fig. 11. Gonatocerus ovicenatus, male.

Fig. 12. Gonatocerus ovicenatus, female.

THE POISONOUS EFFECTS OF THE ROSE CHAFER UPON
CHICKENS

By G. H. Lamson, Jr., Storrs, Conn.

Serious losses have occurred each year during June and early July,

from chickens having eaten the rose chafers {Macrodadylus suhspi-

nosus). These losses have often been ascribed to various causes but

close observations have shown that the chickens are very fond of eating

the insects and post mortem examinations have revealed the pres-

ence of many undigested rose chafers in their crops. The crops are

usually so full as to give the impression that death had been due to

a ''crop-bound" condition of the chickens. Some have also supposed

that these deaths were due to a mechanical injury of the crop by the

spines on the legs of the insects having punctured the lining of this

part of the digestive system while others have accounted for the death

of these chickens by the rose chafers having bitten the crops.

A number of cases, some of which resulted in the loss of several

hundred chickens, were reported to the writer and experiments in

feeding rose chafers to chickens were taken up at the Storrs Agricul-

tural Experiment Station in 1909.

The deaths from this diet usually occurred in from nine to twenty-

four hours after feeding. This led the writer to believe that un-

doubtedly death resulted from a cause other than a mechanical injury

to the crop or ''crop-bound" condition. An extract was made from

crushed rose chafers and distilled water, filtered, and fed to chickens

in varying doses with a medicine dropper and this resulted in a great

many deaths. Small chickens died in a few hours after feeding, older

chickens of heavier weight, when fed a small quantity of the extract,

lived but showed signs of poisoning; large doses resulted in their deaths.

Mature hens did not die from the poison.

From 150 to 200 chickens have been fed either with the rose chafers
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or with varying strengths of the extract to determine the weight of

the chicken killed by a certain amount of poison, also to determine the

age limit of the chickens killed.

The results m-ay be summarized as follows: 15 to 20 rose chafers

are sufficient to cause the death of a chicken a week old. From 25 to

45 rose chafers are usually necessary to kill a three-weeks-old chicken.

While some nine-weeks-old chickens have been killed by eating rose

chafers, only one ten-weeks-old chicken was killed in these experi-

ments. In the crop of this chicken there were 96 undigested rose

chafers counted in post mortem examination.

The chickens feed upon the insects ravenously, being attracted by
their sprawly appearance and usually within an hour after eating they

begin to assume a dosing attitude, later leg weakness shows and the

chicken usually dies within 24 hours of having eaten upon these insects,

or begins to improve after this time.

In less than five per cent, of the deaths convulsions occurred. Post

mortem examinations showed no abnormal condition of the organs.

In order to exclude the possibility of arsenical poisoning due to the

rose chafers having probably fed upon leaves that had been sprayed,

tests were made by a chemist for arsenic, but no evidence of arsenic

was found. Intravenous injections also were made in these experi-

ments, extracts for injection being made from forty grams of rose

chafer and sixty grams (cc.) of a salt solution having a specific gravity

of .9 per cent. This extract was put in a centrifuge for five minutes,

the extract drawn off in a pipette and filtered in vacuo.

Three cc. of this extract was injected into a 690 gram rabbit in-

travenously and this died in six minutes. Another rabbit, weighing

1,435 grams, died after an injection of four cc. of this extract in three

and one-quarter minutes. A small 610 gram rabbit, when injected

with two and one-half cc, died in fifty-five seconds after injection,

and a large 1,450 gram rabbit died in two hours and thirty-five min-

utes after being injected with two cc. Other rabbits were injected

and killed by this extract but further work needs to be done to de-

termine what is a lethal dose for rabbits and also experiments in feed-

ing rabbits per os will be taken up next summer.

As near as the writer can determine, the rose chafers contain a

neuro toxin, that has a direct effect upon the heart action of both

chickens and rabbits and is excessively dangerous as a food for

chickens.

Owing to the fact that the insect feeds upon such a large number

of plants it seems essential that chickens be kept in mowed fields and

away from yards having grape vines and any flowering shrubs during

the month when rose chafers are most numerous, especially during

years when rose chafers are particularly abundant.
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Scientific Notes

Cyllene robiniae and Crioceris in Colorado. I regret to have to record the

appearance in Boulder, Colo., of two pests which I have not observed before, and

which have presumably been very recently introduced. Three times, during Septem-

ber and October of this year, I have picked up specimens of Cyllene robinioe Forst,,

which have been crushed on the pavement by the feet of the passersby. Also this

fall my wife has twice found specimens of Crioceris asparagi L. in the bags covering

sunflower heads. They must have come from adjacent patches of asparagus.

T. D. A. COCKERELL.

The Edibility of Insects. Very little has been done recently toward testing the

edibilit}^ of many species of very abundant insects which theoreticall}^ must have

a very positive food value, but at my suggestion Mr. J. J. Davis and Mr. D. G.

Tower at La Fayette, Ind., have recently experimented to some extent with the

eggs and larvae of Lachnosterna. They find that Lachnosterna eggs crisply fried in

butter are excellent, having a taste very much like a fine grade of bacon. The
larvae, fried in butter and eaten with bread in the form of a sandwich, were not at

all disagreeable, having a fresh fatty taste. They ate the heads and all, and the

heads were crisp and caused no inconvenience. This line of experimentation seems

to me very well worth while, and field agents having the opportunity and disposition

are urged to experiment in this direction when it can be done easily and without

loss of time. L. O. Howard.

An Eriococcus on Gaylussacia. Some time ago we received from Dr. E. P.

Felt specimens of an Eriococcus on twigs of Gaylussacia, collected at Hammond, N. Y.

The pure white female sacs are of the usual form, 2.25—2.50 mm. long. The surface

rough with protruding filaments; female in sac bright red (in E. azaleoe it is dark

purple, almost black); larvae bright raspberry red. The following measurements in

microns are from the adult female: antennal joints, (1) 43-45, (2) 23-25, (3) 35-38,

(4) 28-30, (5) 13-15, (6) 13-15, (7) 28; middle leg, trochanter and femur, 115, tibia,

80, tarsus, 105, claw, 28. The caudal lobes are prominent, about 88 long, with bristles

about 112. Bristles of anal ring 68 long; average dermal spines about 40. There is a

denticle near apex of claw. This insect is quite distinct from those previously

recorded from the Eastern States and from Europe, but we find it impracticable to

separate it from the western E. borealis CkU., except as a rather small variety. E.

horealis is known from the Alaskan region down the Rocky Mountains to New Mexico

and it is not surprising to find it in New York state. It feeds on several species of

woody plants.

T. D. A. CocKERELL and Elizabeth Robinson.

Soft Maple Leaf Midge (Rhahdophaga aceris Shim.). This species establishes

itself in the unfolding, succulent leaves of the white or soft maple, preventing the

normal expansion of the affected lobes and when there is a serious infestation, one or

more lobes of the affected leaves may curl and die. The full grown larvae are stout,

yellowish-white or yellowish-orange, especially anteriorly, and about 2 mm. long.

They occur mostly on the tip of the leaf, lying along the principal or lateral veins of

the lobes. The probabilities are that the midges oviposit on the unfolding leaves or

at least the tips of the leaves. Infestation is presumably favored by conditions

producing a rapid, succulent growth. Pupation is on the leaf, in a yellowish-brown,

irregularly oval cocoon about 1.5 mm. long. The final transformations are rapid,

probably being completed within 48 hours and possibly within 24 hours.
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This insect has been unusually abundant in the vicinity of Albany and has caused

material injury in the case of small trees. It has also been reported to us the past

summer by Mr. S. B. Fracker from northwestern Iowa and as very common in south-

eastern Wisconsin. Watching for the earliest signs of injury to the developing leaves

and prompt spraying with a contact insecticide is the most promising method of

controlling the midge. E. P. Felt.

The Desirability of Host Labels for Parasites. Recently, while looking over a

systematic paper prepared by one of the parasitologists of the bureau, I noted that

the data concerning hosts which accompanied the description were sometimes

lacking and generally insufficient. For many years I have kept a card catalog of

the recorded host relations of parasitic Hymenoptera, and a duplicate of this card

catalog is now in the hands of Mr. Harry S. Smith of Sacramento, who is arranging

it for possible publication under our joint authorship; and this is the reason why I

have especially noticed this point. When field workers send in parasites for deter-

mination, many of which will of course be new to science, it is of great importance

from my point of view that host labels should accompany the specimens. Of course

a biological number referring to "Webster Notes" or "Hopkins Notes" or "Bureau
Notes" will eventually enable some one to find out the facts concerning the host

insects, but it is perhaps too much to expect of a systematic worker that he write

for these data to headquarters, or to the field men, since often field notes are not

sent in for months, and it frequently happens that the systematist is desirous of

publishing immediately. Further the mere name of the host is not sufficient, but

the stage should also be mentioned; that is, whether the parasite issued from the

egg, from the larva, or from the pupa of the host. L. O. Howard.

Gall Midges in an Orchard. Observations on a quiet, lowery morning in a

Baldwin orchard at Spencerport, N. Y., July 29, 1915, revealed an interesting con-

dition in that thousands of small midges, a species of Parallelodiplosis, were to be

seen hanging from spiders webs. The webs were rather common at the base of the

larger branches, in a few instances had a transverse diameter of six or seven inches,

and were composed of several layers or series of webs, the latter separated from each

other by a distance of half an inch or more. It was easy to find series of five or ten

midges on strands of the smaller webs, the insects being about one-fourth of an inch

apart, arranged in rows, swaying freely with gentle breezes, and mostly on the lee

side of the trees. The tendency of the midges was to alight side by side as nearly as

they could without disturbing adjacent insects, and the regular arrangement was

determined by the plan of the web, the flies naturally resting upon the larger, stouter

threads. It was not uncommon to find hundreds, and in a few cases six or eight

hundred of these midges upon the larger webs, and in the case of the latter they might

be four or five deep, due to the several layers of the web offering attractive resting

places. The small flies were timid and easily disturbed, though with care it was

possible to approach within two or three feet without alarming many of the insects.

On being disturbed, the midges would swarm about their haunts for a brief time and

then slowly return in much the same way as commonly observed among flocks of

birds. There was no evidence to show that the spider architects preyed to any

considerable extent upon the midges, though the latter were far more abundant than

any other form of life. A few midges were observed resting upon the trunk, espe-

cially chnging to fragments of webs, though retreats of this character were distinctly

less favored by the insects.

This appears to be a fairly common habit among the smaller gall midges, at least,

and similar observations in regard to several species and genera have already been put

on record. E. P. Felt.
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Another Nodule-Destroying Beetle. Records of insect larvae which destroy-

the root nodules of legumes are apparently scarce. In addition to the Chrysomelid,

Cerotoma trifurcata (pp. 261-266), it seems worth while to record an Otiorhjuchid,

Eudiagogus rosenschoeldi Fahrs. Late in August, 1913, the writer found that the

nodules on the roots of Sesbania macrocarpa growing at Greenwood, Miss., were

injured, but the insect which caused the damage was not present. The injury to

the nodules was characteristically different from that caused by Cerotoma, and in

view of the fact that adults of Eudiagogus rosenschoeldi had been previously observed

feeding on the fohage of this plant, it seemed strongly probable that the larvae of

this beetle were responsible. During the following year Mr. C. F. Turner of the

Bureau of Entomology found the larvae responsible for this injury. He reared the

adults and they proved to be the species suspected.

The nodules on the roots of this plant are very numerous and almost spherical.

The larvae are much more robust than those of Cerotoma, and they gnaw iato one

side of a nodule and out on the opposite side. All that is left of the nodule is a con-

vex ring of epidermal tissue. When these injured nodules were first observed,

practically all on the plants had been destroyed in this way. The larvae probably

feed on the roots as well.

Adults of this beetle have been taken during the winter hibernating in clumps

of Andropogon virginicus and between the husks and under the leaf sheaths of standing

corn stalks. The host plant does not appear above ground until May and adults

have not been observed between the last of June and the middle of August. Adults

were taken August 15 at Clarksdale, Miss.; August 23, at Ehzabeth, Miss.; August

28, at Hardee, ]\Iiss., where the}' were found in copulo, and at West Memphis, Ark.,

September 23. There is probably but one generation a year in this region.

The beetle has been recorded as feeding on Cassia occidentalis, C. oUusifolia,

Sesbania vesicaria, and on Xanthoxylum clavaherculis (see Pierce, W. D., "On the

Biologies of the Rhynchophora of North America," University of Nebraska, 1907,

pp. 256-257, and Mitchell, J. D., and Pierce, W. D., "The Weevils of Victoria

County, Texas," Proc. Ent. Soc. Wash., Vol. 13, 1911, p. 50). Its principal hosts

are thus seen to be legumes. While it is not known to damage cultivated species,

the fact that it does defoHate Xanthoxylum would indicate that it is capable of vary-

ing its food plants. With the draining of the swamps and the decrease in its native

hosts, it may some time become a pest, especially upon some of the introduced forage

plants.

W. R. McCoNNELL,
Bureau of Entomology.

Notes on Some Unusual Nursery Insects. Pseudococcus kraunhioe ^ Kuwana
(Homop.). This mealy bug was found during July, 1915, at Rutherford, N. J., on

Taxus cuspidata brevifolia growing in a nursery. It had evidently been established

for several years and only recently became abundant enough to cause noticeable

injury. Mrs. Fernald, in her catalog of the " Coccidae of the World, " gives its habitat

as Japan and host plant as Kraunhia floribunda. Some of the infested plants at

Rutherford originally came from Japan.

Antonina crawi^ Ckll. (Homop.). This insect, known as the cottony bamboo scale,

was taken in considerable numbers at Riverton, N. J., August 6, 1915, on Bambusa
henonis and Bambusa aiirea, to which it was doing considerable damage by collecting

in large colonies in the leaf axils of the young shoots or canes. This also is a Japanese

species which occurs in Cahfornia.

1 Identified by Mr. Rust of the U. S. Bur. Ent.
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Trioza mo.gnolm Ashm. (Homop.j. These 'jumping plant lice" were exception-

ally abundant on bay trees at Rutherford, X. J., diu'ing July, resulting in a deforma-

tion of almost ever}' leaf on the trees. Tobacco extract and whale oil soap was found

effective in controlling them.

Pteronus hudsordi Dyar (Hymen.). Larvse of this saw-fly were found for the fu-st

time in Xew Jersey feeding on Populus canadensis at Rutherford and Trenton during

the middle of August, 1915. The larvae feed on the eclges of the leaves and when
disturbed thrash their abdomens about more or less violently.

Otiorhynchus sidco.tus Tab. (Coleop.). This weevil, which is hsted in Insects of

Xew Jersey as occmTingin different parts of the state, has recenth- become somewhat
of a pest on rhododendrons and Taxus in several large nurseries. Dr. A. D. Hopkins

gives the folloT^dng interesting information about this species.

OtiorhyncJuis sidcatus is a Em^opean species which has been estabhshed in this

country a considerable number of years. In central Etuope it is known accord-

ing to Sorauer, to feed on grape vines, ground berries, peaches, flowers with juicy

roots or root stalks, ferns and particularly Taxtis and rhododendrons. It occurs

there in Hght sandj' or clay soils, in desert lands, meadows, forests, etc. ; also in hot-

houses and manure piles. It seriously injures grapes by eating the leaves and buds

in the spring. The principal damage is by the larvee which seriously affect or even

kill the stems. Their development is very uneven: normally the matme larva

hibernates and pupates in the spring but also young larvse from eggs laid late in the

season hibernate and feed in the spring until pupation; some of the beetles issuing

from the latter may again hibernate so that the same individual may hibernate twice.

In general their seasonal histor}- in tliis cotmtry is very similar to that of 0. ovatus.

Adults emerge from the soil during May, June and July and oviposit during Jtme-

August. The eggs are laid in the grotmd and the larvee which hatch about two

weeks later feed on the roots of their favorite plants. After hibernation they resimie

feeding in the spring and pupate in the soil dming April and ]\Iay. Trapping the

adults by means of bundles of moss, leaves, straw, etc.. placed on the ground in the

evening and btirned in the morning, is the most effecti^-e control method in Emope
and HkeT^dse here. Advantage may also be taken of then habit to congregate in

hiding dming the day tmder boards and similar places.'"' Dr. Hopkins advocates a

thorough trial with tobacco dtist for combating them after they are once in the

ground. Xo determined effort has ever been made by Xew Jersey nm'serymen to

control this pest, it being considerably cheaper to sell the insects along with the

plants.

Harry B. AVeiss, Xew BrunsvjicJc, X. J.

Sedentary Aphids vs. Spread of Fire Blight. In a recent number of Phy-

topathology I have tried to show that aphids are among the chief carriers of fire bhght.

An experiment seemed necessary at the time these tests were made to investigate

the published statements that aphids are sedentary inhabits while the Heteroptera

so far stuched on apple are not. If aphids are extremely sedentary, they can not

rank as chief carriers. Let us see.

First, prolonged study showed that the six or seven different species of aphids,

now reported on apple, are far from sj-nckronous in then ^lay to midstimmer migra-

tions. There is thus a nearly continual shifting of the aphis population, independent

of enemies, interrupted only by each cooler weather period. Fire bhght is hkewise

cheeked during the cooler periods of the growing season, but dtning optimum tem-

peratures may be opportimely spread by aphids and leaf hoppers of one or the other

shifting species.

Second, aphids are shown not to be sedentary with reference to a single shoot.

An mfested sprig of bhghting crab was placed in a bottle of water in the laboratory.
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The aphids slowly retreated do"WTiward to the cotton plug in the neck of the bottle

where those which did not transform into winged aphids died, presumably from

starvation. Under orchard conditions, such aphids should, in the light of the series

of tests reported in Phytopathology, scatter bUght to other shoots. It has since been

observed in nature by Jones^ who watched a colony of A. pomi vacate a blighting

shoot, each individual descending to the base and going up fresh twigs. In thus

scattering, they carried infection to seven surrounding clean shoots which blighted

within a few days following then attacks. This may help explain the continued

activity of blight in many trees where thorough pruning has been resorted to, and

supports the view that aphids are among the chief carriers.

Third, intensive study of fertile stem mothers and later fall-bearing females shows

that some mothers drop aU their young in a very circumscribed area, on a given

leaf or shoot, while others wander considerably before they are aU through bearing

young. Neither method of grouping young can be called unique for any particular

species. Furthermore, injury to a young twig such as when blight attacks it, would
produce some migration as shown by the above experiments. Under such conditions

is it very important to consider the aphids as particularly sedentary?

Further observations on the habits of these aphids and other common Homoptera
ought to be made before we ma}' decide definitely which type of insect is most serious

in the distribution of the germs of fire bhght, after bees have stopped working in

the blossoms.

A. C. BURRILL,

Department of Economic Entomology, University of Wisconsin.

English Sparrows and Spread of San Jose Scale.^ The English sparrow has

been considered, with other wild bu'ds, as carrier of the pernicious scale, but I am
not aware that any very thorough study of the relative value of different birds as

carriers has been made.

The following note compiled from a survey for the extermination of scale in Wingra
Park, an isolated suburb of Madison, Wis., is a statistical attempt to produce further

proof against the sparrow. The district surveyed was bounded on the south by a

lake, on the east by a vacant marsh, on the north by a raihoad cut and open lots,

and on the west by farm fields, so that we may safely say that there was no possi-

bility for the presence of scale within two or three city blocks of the surveyed infested

area. In this circumscribed area we may suppose the EngHsh sparrow to be the

only imdomesticated bird species which would normally restrict its flight to so smaU
an area, and serve as local carrier for short distances, since comparative psychol-

ogists consider the English sparrow very local in its habits of flight.

The area contained sixty-four infested city lots. In these lots aU infested woody
plants were either within one hundred feet of each other, or within one hundred

feet of some place where Enghsh sparrows regularly came to feed. Places

counted as Enghsh sparrow feeding centers were barns occupied by horses where

grain feed was regularly exposed in manure piles, and chicken coops, where garbage

and grain were regularly exposed.

The apparent relation between these feeding places and nearby woody plants

is revealed by a study of the bird's habits. It is the habit of these birds, when com-

ing towards feeding places, to fly into the branches of a woody plant to see that the

iJones, B. J. The natural modes of distribution of fire blight. Mo, Bui. State

Com. Hort. Cal., 3, 12:505-11, 1914.

2 Published with the permission of Prof. J. G, Sanders, Department of Economic

Entomology, University of Wisconsin.
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coast is clear, before descending to the ground to feed. In the same way, when they

are suddenly disturbed, they fly back to an adjacent woody plant before going off,

or returning to feed. Upon correlating this habit with the majority of infested plants

I found that the infestations were not as near the main streets as they were to the

alleys back of the lots, and that the feeding places^—all barns, chicken coops and
garbage---were invariably next the alleys.

The fact that these same feeding places are most often visited by human occupants

of the land may be said to somewhat invahdate the theory that the sparrow is

chief carrier. In rebuttal note that woody plants in the front yards and near the

going and coming of the occcupants of the houses were less often infested. Thus
human carriers and their most frequented routes did not usually coincide with the

local infestation. This argues for considering birds and not men as the chief cause

of infestation in the Wingra Park residence district of Madison.

Further details support the general conclusion. Of the several hundred city lots

in Wingra Park, the tally of feeding places is as foUows: three spots where garbage

is openly scattered, but where chickens are not fed; forty-seven chicken coops and

twenty-eight barns sheltering horses. The exact number within the general area

of sixty-four infested lots is thirty chicken coops, and twenty-three barns, and all

but three of these coops and one of the barns failed to have scale infestations within

one hundred feet of them. Thus, about 90 per cent of the coops and barns within

the infested area had scale located on nearby trees and shrubs, and about 85 per

cent of the infested lots had sparrow feeding places on or next to them.

In some large trees only upper branches were infested, undoubtedly caused by
perching birds. Sparrows regularly perch to bask in the sun when not feeding.

Many of the infested trees and shrubs were in sunny, sheltered spots where sparrows

regularly perch. The fact that twenty-two similar feeding points outside the exact

infested area failed to show scale may be attributed to the haijards of chance and

to the fact that sparrows fly short distances at any one time. Thus, if scale were

on the birds when they retired to their nests, the scales would probably perish over

night in hiding on the bird, in crawhng off the bird and in wandering about the nest

and eaves. No sparrow nests were noted in the trees, still further reducing the

chances of scales to locate on host plants.

No native wild bird appears to have the exact feeding habits of the Enghsh sparrow,

and, therefore, does not seem to fit the actual conditions of infestation as found.

I should be glad to hear from other inspectors and entomologists if they differ from

the way in which I have tried to apply the actual facts to the theory that Enghsh

sparrows are chief carriers of scale in a closely settled residence district.

A. C. BURRILL,

Department of Economic Entomology, University of Wisconsin.
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The convincing or popular value of figures is well brought out in

the article on estimating the number of grasshoppers. The man on

the street has a liking for definite figures and the man on the farm

is very like him in this respect. The successful entomologist

must be enough of a psj^chologist to correctly estimate the value of

various methods of presentation and it would seem that in some cases,

at least, figures might be used a little more freety with great advantage.

We do not mean by this, the more general employment of tables for

the presentation of scientific data, useful though they may be, but

the translation of familiar and vaguely appreciated infestations, for

example, into definite, easily grasped mathematical equivalents. It

would be even better, as suggested by this writer, if the hordes of

insects could be valued in terms of produce necessary to their develop-

ment.

It will be noted elsewhere in this issue that an entomologist holding

an important position and apparently giving excellent satisfaction,

has not been reappointed by a state executive. Knowing nothing

of the details of the situation, we can only call attention to the well-

known fact that uncertainty of tenure of office means a lowered effi-

ciency in scientific work and especially is that true of a science dealing

with such immense numbers of forms as are found among insects and

which respond in so diverse ways to climatic and other influences. It

should require little argument to demonstrate that a man with six

years' experience in such a responsible position and meeting success-

fully its many and varied requirements would of necessity, in addition

to prerequisite knowledge, possess, a vast fund of practical experience

of immeasurable value to the state which has profited by his services.

If this is a removal on political grounds, then, we believe, the state

has been unfortunate in the selection of its chief executive, and the

continuance of such a policy means irreparable loss to the material

interests of its citizens.
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Current Notes
Conducted by the Associate Editor

Mr. C. A. Good has been appointed assistant entomologist at the Nova Scotia

Agricultural College.

J. H. Fabre, the French entomologist, and the author of a number of popular books

about insects, died October 11.

Messrs. Leroy Childs and G. F. Moznette have severed their connection with the

Oregon Station, where they held positions as research assistants in entomology.

Mr. C. L. Scott, Bureau of Entomology, has been transferred from the Brownsville

(Tex.) station to Welhngton, Kan,

Mr. F. L. McDonough, Bureau of Entomology, was occupied during October in

determining the limits of the dispersion of the boll weevil.

Dr. E. A. Back, Bureau of Entomology, in field charge of the Mediterranean

fruit-fly investigations in Hawaii, has returned to Honolulu.

Mr. W. H. Larrimer, Bureau of Entomology, formerly located at the WeUington

(Kan.) field station, has been detached and stationed temporarily at Missoula, Mont.

Mr, E. R. Barber, Bureau of Entomology, has returned to New Orleans after an

extensive trip to determine the extent of the territory infested by the Argentine ant.

Mr. Harold Lyon, a graduate of the Massachusetts Agricultural College, class of

1913, is now studying at the Bussey Institution, Harvard University, Forest Hills,

Mass.

Dr. E. A. Back, Bureau of Entomology, in charge of Mediterranean fruit-fly inves-

tigations in Hawaii, visited Washington on August 19 for consultation with reference

to future work.

Professor H. F. Wilson of Oregon State College, has gone to the University of Wis-

consin as professor of economic entomology to take the place of Professor J. G.

Sanders.

Mr. R, J. Fiske, a graduate of the Massachusetts Agricultural College, class of

1910, is now engaged in codHng moth investigations for the Bureau of Entomology

at Roswell, N. M.

Mr. W. T. M. Forbes, a specialist in Lepidoptera, has been appointed to a position

on the staff of the entomological department of the College of Agriculture of Cornell

University.

Professor E. D. Sanderson is now a graduate student at the University of Chicago,

where he expects to remain for two years or perhaps longer. His present address is

1109 East 54th Place.

Mr. J. R. Christie, formerly a student at the New Hampshire Agricultural College,

is now instructor in zoology and entomology at the Maryland Agricultural CoUege

and assistant entomologist in the Station.

Mr, F, C, Bishopp, Bureau of Entomology, during the month of August investi-

gated a serious outbreak of horse flies in Nevada and CaHfornia upon which assist-

ance had been asked by the Nevada Experiment Station,

Mr. Wallace L. Chandler, formerly of the University of California, has recently

been caUed to Cornell University, where he will give instruction and conduct investi-

gations in parasitology as a member of the entomological department.
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Mr. F. A. Fenton, a graduate student of the University of Wisconsin, and for a

time deputy nursery inspector in the same state, has joined the Federal Bureau of

Entomology and will be engaged in work with Mr. J. J. Davis at Lafayette, Ind.

Mr. Henry L. Viereck is no longer connected with the California State Commission

of Horticulture, where he has recently been assistant superintendent of the insectary

at Capitol Park, Sacramento.

Mr. August Busck, Bureau of Entomology, has returned to Washington from the

Hawaiian Islands where he carried on an investigation of Gelechia gossypiella for

the Federal Horticultural Board.

Mr. Eric Cogan, Bureau of Entomology, temporarily employed at the Charleston

(Mo.) field laboratory, has resumed his studies at Ohio State University. Mr.

Cogan is speciahzing in Jassidea.

Miss Myrtle Duckett has been appointed a student assistant in the Bureau of

Entomology to assist in recording the results of the wintering experiments in apicul-

ture.

Mr. R. J. Kewley, Bureau of Entomology, recently attached to the staff at the

La Fayette (Ind.) station, has been detailed to assist Mr. A. B. Gahan at College

Park, Md.

Mr. E. W. Scott, Bureau of Entomology, employed in connection with the enforce-

ment of the Insecticide Act, made a trip of investigation through Georgia and Florida

during late October.

Dr. A. D. Hopkins returned to his office on October 27 from Kanawha Station,

W. Va., where he was on leave and continued his observations on phenological

phenomena, forest and wood-boring insects.

Mr. E. J. Newcomer, Bureau of Entomology, will spend the winter months at

his permanent field quarters, Wenatchee, Wash., and will give attention to questions

connected with the winter Ufe of certain orchard pests.

Mr. John B. Gill, Bureau of Entomology, engaged in pecan insect investigations,

has returned to his field headquarters, Monticello, Fla., from an extended trip

through the Gulf States in connection with the study of pecan insects.

Mr. H. H. Kimball, Bureau of Entomology, who has been associated with D. L.

Van Dine at Mound, La., will transfer his work to New Orleans where he will assist

Dr. W. V. King in rearing Anopheles mosquitoes.

The Siamese grain beetle {Lophocateres pusillus Klug) has been reported by Prof.

E. S. Tucker, at Baton Rouge, La., injuring rice. This species is not common in

this country, but has been found in Texas, South Carohna, and received from foreign

countries.

Mr. E. J. Branigan, field deputy of the Cahfornia State Commission of Horticul-

ture, is temporarily located at the Pasadena Station, Bureau of Entomology, dis-

tributing Leptomastix sp., a parasite of the citrus mealy bug {Pseudococcus citri).

This parasite was recently introduced from Sicily.

Professor H. A. Ballou, Entomologist on the staff of the British Imperial Depart-

ment of Agriculture, for several years stationed at Barbados, West Indies, is studying

during his vacation at the Massachusetts Agricultural College, from which he grad-

uated in 1895.

Mr. Alfred B. Champlain, assistant forest entomologist of the Bureau of Ento-

mology, is now at Lyme, Conn., where he is making observations on the hickory

bark beetle and other borers, and at the same time is receiving medical treatment for

an ailment of the stomach.

4
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Mr. Edward Riley King of Creola, Ohio, a former deputy state inspector of apia-

ries and secretary of the Ohio Beekeepers' Association, has been appointed a member
of the teaching staff of the College of Agriculture of Cornell University, where he

will conduct the new courses in apiculture.

Mr. F. B. Paddock has been appointed entomologist in charge at the Texas Agri-

cultural Experiment Station and State Entomologist to succeed Mr. Wilmon Newell

who has gone to Florida as State Plant Commissioner. By virtue of law the state

entomologist is in charge of the foul brood eradication work.

At the New Hampshire College, Mr. W. A. Osgood, class of 1915, has been ap-

pointed assistant to Professor W. C. O'Kane and wiU be engaged in state work. He
began his duties September 1. Mr. Raymond Bean, class of 1915, has been appointed

assistant to Professor C. F. Jackson in the department of zoology.

In connection with the wintering investigations at the apiary of the Bureau of

Entomology, tests are now being made of the thermal conductivity of various double-

walled hives and of the coefficient of transmission of heat of the various parts of the

hive to determine the best methods for constructing such Jiives.

Mr. David L. Crawford, formerly entomologist and horticulturist for the Mexico

Gulf Coast Citrus Association, Tampico, Mex., has submitted for pubhcation, in the

Department of Agriculture, a manuscript on the Mexican orange fly, Anastrepha

ludens Loew.

The Bureau of Entomology has received from Mr. C. F. Stahl, Spreckels, Cal.,

a sample of walnuts badly infested by the Mediterranean flour moth, Ephestia

keuhniella. These were obtained in October of the present year. It also occurs in

peanuts in the East.

Mr. H. B. Scammell, Bureau of Entomology, will spend the winter at his field

station. Brown Mills, N. J., and wiU give special attention to questions connected

with the hibernation of cranberry insects. Mr. R. J. Fiske will also spend the

winter at his field headquarters, Roswell, N. Mex.

Mr. T. C. Barber, Bureau of Entomology, delivered a number of addresses on

the boll weevil in Georgia during October. This work was a part of the plan of

the Georgia State Board of Entomology to give special instructions to the planters

in the districts which have recently become invaded by the boll weevil.

Mr. H. A. Morgan, director of the Tennessee Experiment Station, recently visited

Louisiana, in company with Dr. W. D. Hunter of the Bureau of Entomology, for

the purpose of making suggestions regarding the conduct of the boll-weevil work,

and the work on malaria mosquitoes.

At the Kansas College and Station, Dr. Paul S. Welch, who has been engaged in

the investigation of staple crop insects for the Station, is now giving his entire time

to college work as assistant professor of entomology. Mr. W. P. Hayes has been

added to the station staff as assistant in entomology, and will investigate the insects

attacking staple crops.

Mr. Frank N. Wallace has been appointed State Entomologist of Indiana to suc-

ceed Charles H. Baldwin. Mr. Wallace was Chief Deputy under Benjamin W. Doug-

lass, who was State Entomologist of Indiana from 1907 to 1911. During the past

four years Mr. Wallace has been engaged in horticultural consultation work and has

been caUed to orchards in many parts of the country.
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IMr. A. C. Baker, Bureau of Entomology, has reported for permanent duty in

Washington and will be engaged in systematic studies of the Aphididse and Aleyi'od-

idae. The -biological studies of orchard plant Hce in progress at the Vienna (Va.)

laboratory will, however, be contiaued by Messrs. A. C. Baker and W. F. Turner,

Mr. Turner remaining at the laboratory at Vienna.

Mr. E. G. Carr, Bureau of Entomology, spent the month of October in the moun-
tain section of Xorth Carohna and reports that beekeeping is not well developed

there but that there is a wonderful opportunity for making it an important phase

of agriculture since there is an abundance of nectar and plenty of bees to gather it

if properly cared for.

Mr, R. S. Woglum, Bm^eau of Entomology, recently visited San Diego, Cal., for

the purpose of investigating a species of Pteliohius injuring ohve. This oHve insect

was found to be estabhshed in various sections of San Diego County. Breeding

occurs only in the dead wood. However, the adults cause considerable injury to

hving trees, especially to the smaller twigs, by boring into and feeding on the bark.

Among insects which have been reported as causing injury during the year are

the spotted cutworm {Noctua c-nigrum L.) and the variegated cutworm {Peridroma

margaritosa Haw.). The last-mentioned species was especially numerous and was

reported as occurring in Brownsville, Tex., where it was injurious to onions, and

found commonly on weeds and grasses; also along the coast of California and at

Norfolk, Va.

Dr. E. F. Phillips made plans to leave about November 20 to attend meetings

of beekeepers in Ontario, Ohio, Chicago and Springfield, 111., Kansas, Minnesota,

Wisconsin, Indiana, Iowa and Michigan. This circuit of meetings was arranged to

make it easier for those interested to attend. The meeting at Grand Rapids, Mich.,

is the fiftieth convention of the Michigan society and elaborate preparations are

being made for it.

Among the visitors at the Bureau of Entomology dm'ing October were the following:

CP. Lounsbury, chief of the Division of Entomology of the Union Department of

Agriculture, South Africa; H. A. Ballou, entomologist on the staff of the Imperial

Department of Agriculture for the West Indies; C. W. Leng, New York; W. T.

Davis, Brooklyn; W. S. Blatchley, Indianapohs; J. v. d. H. Schreuder, Pretoria,

South Africa.

Mr. F. R. Cole reports to the Bureau of Entomology that the tachinid parasite,

Siphona plusics Coq., has been reared from the cabbage looper (Aufographa hrassicce)

from Whittier, Pasadena and Compton, Cal., the last locahty being furnished by
Mr. J. E. Graf. This species was described from Autographa cahfornica Speyer

from Southern California. Another parasite attacks this species but it has not

been reared or identified as yet.

Dr. Alden T. Speare has recently been appointed a speciahst in msect diseases

in the Bureau of Entomology and will make a thorough study of entomogenous

fimgi, with a view to their practical utihzation if possible in insect control. He will

be glad to receive specimens of diseased insects from all sources, and the material

should be accompanied with fuU data as to the host-species, extent of outbreak of

the disease, locality, etc.

According to press reports, Professor Gordon M. Bentley, State Entomologist of

Tennessee, has not been reappointed. The following excerpt is from The Southern

Florist for October: "Despite the petitions and urgent requests of fruit growers,



560 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 8

nurserymen, farmers and business men generally Governor Rye, through the new
cormnissioner of agTiculture, refused to reappomt Prof. Gordon M. Bentley to the

important position of state entomologist of Tennessee."

The office of State Entomologist has recently been estabhshed in Wisconsin, to

take over the nursery and orchard inspection and administration of the laws gov-

erning insecticides and fungicides. It is to be independent of the University of Wis-

consin, with headquarters in the State Capitol at Madison. Professor J. G. Sanders

comes from the College of Agriculture to be the first incumbent of the ofl&ce and Dr.

S. B. Fracker, an instructor in the same department, has been appointed assistant

entomologist.

The spinach leaf-nuner {Pegomyia vidna Lintn.) has been reported as injuring garden

beets during June and July at Green Bay, Wis., by Mr. N. F. Howard, working tem-

porarily for the Bureau of Entomology. It has also been reported injuring spinach

at Woods Holl, Mass., the correspondent stating that after the spinach was boiled

the httle white maggots could be seen on the surface. It may be remembered that

those who have tried kerosene emulsion for the insect as it occurs in the mines have

obtained no results.

Some interesting species of insects injurious to stored products have recently been

collected. One is the broadheaded flour beetle {Latheticus oryzoe Waterh.), reported

by Mr. F. B. MiUiken in two mills at Wichita, Kans. The files of the Bureau of

Entomology show that this species was also reported at Wichita FaUs, Tex., in 1909,

and at Lyons, Kans., in July, 1908. It is common in Texas, and has only in recent

years spread widely to other regions; for example, to Baton Rouge, La., Ehzabeth-

town, lU., and Detroit, Mich.

The semitropical army worm {Prodenia eridania Cram.) has been reported, with

accompanying specimens, as being injurious at Hastings, Fla. This army worm
appeared in a field of cow^Deas, traveled to a field of sweet potatoes, and crossed a

ditch by means of overhanging weeds into another field of cowpeas and corn. It was

impossible to spray the cowpeas and corn, but the correspondent stated that he could

save the sweet potatoes by other treatment. Several other reports have been made
of an insect which is probably this species, though it has not been positively identified.

Mr. T. E. Snyder, Bm-eau of Entomology, left on October 23 for a ten-day trip

to Savannah, Ga., Virginia and Tennessee. At Savannah he inspected treated

telephone poles for resistance to insect attack. This work is being done in coopera-

tion with the American Telegraph and Telephone Company. In the latter states he

inspected the control work against the southern pine beetle by the Forest Service

in the White Top Purchase Area and to mark newly infested trees for further control

work.

The fifty-second annual meeting of the Entomological Society of Ontario was held

at Ottawa, November 4 and 5 under the presidency of Dr. C. Gordon Hewitt, the

Government Entomologist. The program was varied and most interestiug, and the

meeting was very successful, a goodly number being in attendance. Dr. H. T.

Fernaid gave an illustrated lecture on: "Life Zones in Entomology and their Rela-

tion to Crops." There were a number of economic papers, one of the more interest-

ing dealing with the extraordinary outbreak of Lygus invitus by W. Brittain. A full

account of this meeting wiU appear in the annual report of the Society, a publication

well and favorably known to American entomologists.
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Dr. E. F. Phillips, Bureau of Entomology, attended a meeting of the farm demon-

strators of Xorth Carolina at Raleigh on August 21 and 23 for the purpose of arrang-

ing for a new line of work soon to be undertaken. It is planned to make a sm'vey of

the state for the purpose of determining the possibilities of building up beekeeping

and to test out, in cooperation with the county agents, various lines of extension

work. E. G. Carr, deputj' state apiary inspector for New Jersey and a director of

the National Beekeepers' Association, has been appointed to do the field work on

this project and will begin work on October 1. ]Mr. Carr has had extensive experi-

ence as a practical beekeeper and has served as inspector for several years.

]\lr. J. R. Horton, Bureau of Entomology, in field charge of the citrus fruit insect

investigations in Louisiana, recently- submitted an account of the hurricane which

passed through southern Louisiana on September 29. He reports that in an experi-

mental orchard at Venice fully 95 per cent of the oranges were blo^Ti off the trees,

many of them being carried considerable distance. Orange trees were hterally

whipped to pieces and the fohage discolored, as though scorched by fire. Practically

aU of the ant traps and fumigation covers at Happy Jack were destroyed. i\Iany

hghts were broken out of the laboratory windows in New Orleans, and one chimney

was blown down. A large percentage of the cages used in fig-borer experiments

were blown over, and many of the specimens disappeared. IMr. Horton left New
Orleans on September 28, and was at a point near Doullutt's Canal, which was

in the worst section of the storm.

Recently two new vdie cages have been added to the Eastern Field Station of the

Bureau of Entomologj^ at East Falls Church, Va. Both of these consist of a tem-

porary framework with a concrete foundation and covered with a lattice roof and

completely screened in with 14-mesh galvanized screen whe. One of these is to be

used for experiments dealing with insects injurious to crude forest products and the

study of the life histors' of various secondary insects. The other one is to be used

for hfe-historj' studies of the introduced Evetria huoliana and Diprion simile. In

constructing this cage great care has been used. It is to be double-waUed and to

have a vestibule entrance. Ever\^ possible precaution has been taken in building

this cage because of the danger of hberating specimens of these injurious forest

insects. In this cage it is planned to grow various species of pines which may serve

as hosts of the two imported species. The experiments are to be conducted entirely

on growing trees and under conditions which very closely approximate those found

in nurseries and forests.

Mailed December 10, 1915.
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AMERICAN ASSOCIATION OF ECONOMIC ENTOMOLOGISTS
(Organized 1899, Incorporated December 29, 1913)

CONSTITUTION

Article I

Name and Objects

Section 1. This association shall be kno^n as the American Association of Eco-

nomic Entomologists.

Section 2. Its object shall be: (1) To discuss new discoveries, to exchange experi-

ences, and to carefuUy consider the best methods of work in economic entomology;

(2) to give opportunity to individual workers of announcing proposed investigations

so as to bring out suggestions and avoid unnecessary dupUcation of work; (3) to

suggest when possible, certain lines of investigation upon subjects of general interest;

(4) to promote the study and advance the science of entomology^; (5) to publish the

Journal of Economic Entomology.

Article II

Memhershi-p

Section 1. All economic entomologists, horticultural or apiary inspectors, em-

ployed by the General or State governments or by the State experiment stations, or

by any agricultural or horticultural association, and all teachers of economic ento-

mology in educational institutions and other persons engaged in practical work in

economic entomology, may become members.

Section 2. The classes of membership shall be active, associate, and foreign.

Active membership shall be conferred only on persons who have been trained in

entomological work^nd whose practical experience or published papers have evi-

denced their abihty to conduct original investigations in economic entomology.

Section 3. Associate membership may be conferred on persons who have done

general or practical work in entomology and who have by published papers or other-

wise, given evidence of their attainments in such work.

Section 4. Foreign membership shall be honorary and shall apply only to members
residing outside of the United States and Canada.

Section 5. Associate and foreign members shall not be entitled to hold office or

to vote.

Section 6. Membership, other than foreign membership, may be conferred at any

regular meeting by a two-thirds vote of the members present upon recommendation

of the committee on membership, after a regular appHcation endorsed by two active

members has been filed with the Secretary.

Section 7. Foreign members may be proposed in -RTiting b}^ any active member
and their names shall be acted upon by the committee on membership and the Asso-

ciation, as in the case of other members.

Article III

Officers

Section 1. The officers shall consist of a president, one vice-president, and an

additional vice-president for each section, who shall be elected annually, and a secre-
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tary who shall be elected for a term of three years, who shall perform the duties

customarily incumbent upon their respective offices and as defined in the by-laws.

The above officers shall act as the Board of Directors and shall pass on any urgent

matters that cannot be deferred until the annual meeting. The president shall not

hold office for two consecutive terms.

Aeticle IV

Annual Meeting—Quorum

Section 1. The annual meeting shall be held at such time and place as may be
decided upon by the association at the previous annual meeting and special meetings-

. may be called by order of the Board of Directors. Twenty members shall con-

stitute a quorum for the transaction of business.

Article V

Amendments

Section 1. All proposed alterations or amendments to this constitution shall be
referred to a committee of three at any regular meeting, and after a report from such

committee, may be adopted by a two-thirds vote of the members present; Provided,

That a WTitten notice of the proposed amendment has been sent to e\ery acti\e mem-
ber of the association at least one month prior to the date of action.

BY-LAWS

Article I

Of Members

Section 1. The classes of members are defined in the constitution as are their

rights to vote or hold office. Members of all kinds have equal privileges as to pre-

sentation of papers and in scientific discussions at the regular meetings, and may, by
permission of the presiding officer, speak on business questions before the association.

Section 2. All members in good standing have equal rights to the pubhcations of

the association or to any pubhcations controlled or distributed by the association.

Article II

Of Officers and Their Duties

Section 1. It shall be the duty of the president, in addition to the ordinary duties

of the presiding officer, to prepare an address, to be dehvered at the annual meeting

over which he presides. He shall also appoint the necessary committees at the first

session of the annual meeting.

Section 2. It shall be the duty of the secretary to make the necessary arrange-

ments for the meetings of the association and keep a record of the proceedings for

publication, to provide the necessary stationery and attend to the general corre-

spondence. He shaU coUect moneys due, pay all biUs incurred by the association,

submit a report at each annual meeting, and perform such other duties as may be

delegated to him.

Section 3. All officers and standing committees unless otherwise provided for

shaU be elected by baUot after recommendations have been made by a nominating

committee.
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Article III

Dues

Section 1. The annual dues of active members shaU be one dollar and fifty cents^

and the dues of associate members one doUar, which shall be payable in advance.

No dues shaU be payable from foreign members. Annual dues shall not include

subscription to the Journal of Economic Entomology.

Article IV

Of Meetings

Section 1. Notice of the time and place of meetings shall be sent for pubhcation

to all American entomological periodicals. The proceedings shall be pubhshed as

decided by the association.

Section 2. Special meetings shall be called as provided for in the constitution,

and notice of such meeting shall be given by the Secretary by mailing to each active

member a formal notification of the time and place of the meetings at least two

weeks before the date fixed in the notice. The notice shaU state the reason for such

meeting, and shall specify the business to be transacted, and no other business shall

be transacted.

Section 3. The order of business at regular meetings shall be, at the first session:

1. Calling the meeting to order by the president.

2. Reports of officers.

3. Reports of committees.

4. Appointments of temporary committees.

5. Written business communications.

6. Verbal business communications.

7. New business.

8. Annual address of the president.

9. Program of papers and discussions.

10. Adjournment.

At the following session

:

1. Discussion of the president's address.

2. Program of papers and discussions.

At the following sessions:

1. Program of papers and discussions.

Business can only be introduced at these sessions by vote of the association.

At the last regular session

:

1. Program of papers and discussions.

2. Reports of appointed committees:

3. Miscellaneous business.

4. Election of officers.

5. .Fixing time and place of next meeting.

6. Adjournment.

Article V

Amendments to By-Laws

Section 1. Changes in these by-laws may be made by a two-thirds vote at any

regular meeting; Provided, notice in writing of the proposed amendment be sent to

every active member at least two weeks before the date of the meeting, at which

time it can come up for consideration.
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The following amendment to the Constitution is suggested to complete the direc-

tions for procedure and is published herewith because of its greater accessibility.

Add a new section to Article II, as foUows

:

Section 4. The pubUcation of the Journal of Economic Entomology shall be

entrusted to an Editor, an Associate Editor and a Business Manager nominated by
an Advisory Committee of six members, which latter shall be elected for terms of

three years so arranged that two shall be elected annually. The members of this

committee shall have an advisory relation to the above constituted Editorial Board.



TWENTY-EIGHTH ANNUAL MEETING OF THE AMERICAN
ASSOCIATION OF ECONOMIC ENTOMOLOGISTS

Columhus, Ohio. December 27 to 30, 1915

The twent^'-eighth annual meeting of the American Association of

Economic Entomologists will be held at the Ohio State University,

Columbus, Ohio, beginning December 27 and ending December 30,

1915. The meetings will be held in Botanj^ and Zoology Hall in that

institution.

The opening session will begin at 1.30 p. m., Monday, December 27.

The annual reports and reports of committees will be presented then

and the address of the president delivered. The meeting of the

general association will be continued on Tuesday, at 10.00 a. m.,

1.30 p. m. and on Wednesday at 1.30 p. m. The final session will be

held on Thursday at 10.00 a. m.

Sectional Meetings

The meeting of the section on Apiary Inspection will be held at 8.00

p. m. Monday-, December 27, at which time the regular business of

the section will be transacted and a program of papers presented. The
meeting of the section on Horticultural Inspection will be held Tuesday

at 8.00 p. m. and Wednesday at 10.00 a. m.

Other Meetings

The American Association for the Advancement of Science and its

affiliated societies will hold meetings throughout the week. The
meeting of the Entomological Society of America will begin on Wednes-

day, December 29, and continue on Thursday and possibly on Friday.

The public lecture before that society will be delivered on Wednesday
evening, December 29, by Dr. C. Gordon Hewitt, Entomologist of the

Dominion of Canada. A meeting of the instructors and investigators

in apiculture will be held on Tuesday morning, December 28.

Smoker

The entomologists of Ohio will tender all visiting entomologists a

smoker which will be held on Wednesday evening immediately

after the public address.
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Hotel Headquarters

The hotel headquarters of this Association has been selected at the

Southern Hotel, South High Street, from which cars run direct to the

Union Station and to the university. The rates for rooms, European
plan, are as follows: single rooms, without bath, $1.50 per day; double

rooms, without bath, $2.50 and up per day; single rooms, with bath,

$2.00 per day; double rooms with bath, $3.50 and up per day. As
there will be a large attendance at the meeting, rooms should be

engaged well in advance.

Railroad Rates

The exact data on railroad rates are not available. Members should

consult their local ticket agents or agents in the nearest large cities

where reductions in rates are likely to apply. Information can un-

doubtedly be secured from the regular announcement of the meeting

of the American Association for the Advancement of Science.

Official Buttons
^

Official buttons of the Association will be furnished to members
whose dues for 1916 are paid. Application for buttons should be

made to the Secretary at the time of the meeting.

Membership

Application blanks for membership may be secured from the Sec-

retary or from members of the committee on membership.

Program

Monday, December 27, 1915, 1.30 p. m.

Report of the Secretary.

Report of executive committee, by President Glenn W. Herrick.

Report of employment bureau, by W. E. Hinds, Auburn, Ala.

Report of committee on nomenclature, by Herbert Osborn, Columbus,

Ohio.

Report of committee on entomological investigations, by W. E. Hinds,

Auburn, Ala.

Report of committee on bibliography of economic entomology by
E. P. Felt, Albany, N. Y.

Appointment of committees.

Miscellaneous business.
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Action on the following proposed amendment to the constitution;

Section I, Article III, insert the words ''branch or" before the

word ^'section" in line two so that the first sentence of Sec-

tion I w^ill read as follows: ''The officers shall consist of a

president, one vice-president and an additional vice-president

for each branch or section who shall be elected annually, and

a secretary who shall be elected for a term of three years, who
shall perform the duties customarily incumbent upon their

respective offices and as defined in the by-laws."

Action on the following proposed amendment to the by-laws:

Add a new section to Article II as follows: "Section IV. The
publication of the Journal of Economic Entomology shall

be entrusted to an editor, an associate editor and a business

manager nominated by an advisory committee of six members
which latter shall be elected for terms of three years so ar-

ranged that two shall be elected annually. The members
of this committee shall have an advisory relation to the

above constituted editorial board."

New business.

Annual address of the President, Glenn W. Herrick, Ithaca, N. Y.^

"The Need of a Broad, Liberal Training for the Economic
Entomologist."

Reading of Papers

"Further Notes on Diprion simile Hartig, " by W. E. Britton, New
Haven, Conn. (5 minutes.)

Notes on the distribution, injury, number of generations and parasites of this

European sawfly in Connecticut.

"A Preliminary Report on the Life Economy of Solenopsis molesta

Say, " by J. W. McColloch, Manhattan, Kans. (12 minutes.)

This paper wiU present the data thus far obtained on the life history of the

kafir ant.

"Some Insects of Solanum carolinense L., and their Economic Rela-

tions," by M. P. Somes, Mountain Grove, Mo. (10 minutes.)

A review of Hfe history of certain insects found on this weed and their de-

velopment when transferred to related economic plants.

" Concerning Problems in Aphid Ecology, " by Edith M. Patch, Orono,

Me. (15 minutes.)

An outline indicating certain phases of aphid study with especial reference to

life cycle work with migratory species.
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''Life History Notes on Apeteficus cynicus and maculiventris/^ by
R. D. Whitmarsh, Wooster, Ohio. (3 minutes.)

Distribution of Periodical Cicada in Ohio for the years 1906, 1914

and 1915," by H. A. Gossard, Wooster, Ohio. (5 minutes.)

Lantern.

Maps of the areas in which they appeared and remarks thereon.

Honey as a Carrier of Pear Blight Germs, " by H. A. Gossard, Woos-
ter, Ohio. (10 minutes.) Lantern.

Adjournment.

SECTION OF APIARY INSPECTION

E. F. Phillips, Chairman. - N. E. Shaw, Secretary,

Program

Monday, December 27, 8.00 p. m.

Address by the Chairman, E. F. Phillips, Washington, D. C.

Reading of Papers and Discussions

'^'The Desirability of Inspection Work from the Standpoint of Queen

Breeders," by E. R. Root, Medina, Ohio.

^'Some Difficulties in Cross Diagnosis of Disease," by A. H. McCray,
Washington, D. C.

"Outline of Apiary Inspection in Ontario," by Morely Pettit, Guelph,

Ontario.

"Suggestions for Efficiency and Economy in Apiary Inspection Serv-

ice, " by H. A. Surface, Harrisburg, Penn.

Adjournment.



AMERICAN ASSOCIATION OF ECONOMIC ENTOMOLOGISTS

Program

Tuesday, December 28, 10.00 a. m.

Discussion of the Presidential Address.

Reading of Papers

"The Columbine Leaf Miner/' by E. N. Cory, College Park, Md.
(10 minutes.)

Life and seasonal history. Control.

"Observations on the Turnip Louse," by F. B. Paddock, College Sta-

tion, Texas. (15 minutes.)

Bionomical observations made upon this insect in Texas during two years' study

of the pest.

"Fumigation of Animals to Destroy their External Parasites, " by
William Moore, L^'niversity Farm, St. Paul, Minn. (15 min-

utes.)

An account of a new material which can be used to fumigate animals and destroy

their parasites without injury to the animal.

"The Clover Leaf Tyer, Ancylis angulifasciana,'' by H. A. Gossard,

Wooster, Ohio. (7 minutes.) Lantern.

Life history, character of damage and control.

"Dasyneura ulmea Felt, an Elm Pest, " by J. S. Houser, Wooster, Ohio.

(5 minutes.) Lantern.

Causes maKormations on the terminal twigs of ehn.

Adjournment.
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Program

Tuesday, December 28, 1.30 p. m.

Reading of Papers

"A New Method of Subterranean Fumigation/' by J. S. Houser,

Wooster, Ohio. (12 minutes.) Lantern.

Sulphur-Arsenical Dasts Against the Strawberry Weevil/' by T. J.

Headlee, New Brunswick, N. J. (15 minutes.) Lantern.

Among the fifteen different treatments given the plants just as the weevils begin

their work; the sulphur arsenical dusts gave the best results and afforded a

high degree of protection.

"The Effect of Contact Insecticides on the Larvae of Syrphidse, by
C. L. Metcalf, Columbus, Ohio. (7 minutes.)

*'The Accurate Determination of the Nicotine Content of Spraying

Solutions/' by V. I. Safro, Louisville, Ky. (15 minutes.)

"Arsenic on Fruit and Forage Following Spraying," by Walter C.

O'Kane, Durham, N. H. (15 minutes.) Lantern.

Sheep poisoning; Loss of lead arsenate residues on hay; maximum residues on

fruit; conclusions as to factors determining amount of residues.

"The Control of the Grape Berry Worm, Polychrosis viteana,'' by

W. H. Goodwin, Wooster, Ohio. (10 minutes.) Lantern.

This paper deals with the hfe history in northern Ohio and the development of

control methods for the berry worm.

"Notes on the Control of the Lesser Peach-tree Borer, " by J. L. King,

Cleveland, Ohio. (15 minutes.) Lantern.

Cultural methods such as pruning and cultivation; also time to ''worm the trees.

"

"Climate and Variations in the Habits of the Codling Moth/' by

E. P. Felt, Albany, N. Y. (10 minutes.)

This paper is concerned chiefly in recording variations observed in New York
State and attempts to explain these by local variations in temperature.

"Life History of the Pecan Twig Girdler, " by S. W. Bilsing, College

Station, Texas. (15 minutes.) Lantern.

The life history of the pecan twig girdler {Oncideres texana); methods of control;

injury done; food plants, etc.

Adjournment.
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SECTION OF HORTICULTURAL INSPECTION

W. E. RuMSEY, Chairman. J. G. Sandeks, Secretary,

Program

Tuesday, December 26, 8.00 p. m.

(Detailed program of this section will be available at the meeting.)

Wednesday, December 29, 10.00 a. m.

(Detailed program will be available at the meeting.)

AMERICAN ASSOCIATION OF ECONOMIC ENTOMOLOGISTS

Program

Wednesday, December 29, 1.30 p. m.

Reading of Papers

*'Notes on Crambidse/' by George G. Ainslie, Nashville, Tenn. (5

minutes.)

A brief outline of the economic significance of Crambida? and notes on the work
carried on at Nashville.

"A Study of the Life History of the Maize Bill Bug," by Wm. P.

Hayes, Manhattan, Kans. (12 minutes.) Lantern.

Distribution in Kansas, economic importance, life history and habits, and

methods of control.

"The Small Pink Corn Worm, Batrachedra rileyi, in Mississippi," by
P. W. Harned, Agricultural College, Miss. (5 minutes.)

Brief notes on occurrence of this insect in Mississippi. It must be ranked as a

pest of considerable importance.

''The Economic Status of the Seed Corn Maggot, Pegomyia fusciceps,''

by W. J. Schoene, Blacksburg, Va. (8 minutes.)

A discussion of the food plants and the condition of the food attacked.

Records of Lachnosterna in Wisconsin," by J. G. Sanders, Madison,

Wis. (15 minutes.) Lantern.

Report on the results of using trap lanterns for capturing May beetles.
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A Progress Report on White Grub Investigations, " by John J. DaviS;

West Lafayette, Ind. (10 minutes.)

Summary of Lachnosterna investigations to date. '

Notes on Pegomyia hyoscyami Panz./' by E. N. Cory, College Park,

Md. (10 minutes.)

Life and seasonal history.

''Notes on the Biology of Pegomyia hrassicce Bouche, by W. J.

Schoene, Blacksburg, Va. (10 minutes.)

A presentation of the more important observations on the life history of the

species.

''An Investigation of the Supposed Immunity of Some Varieties of

Wheat to the Attack of Hessian Fly, by L. Haseman, Colum-

bia, Mo. (15 minutes.)

A brief summary of the first year's work, including data collected from plots of

different varieties of wheat grown side by side, together with notes on some

chemical and physiological variations in the different varieties.

"The Hessian Fly Train,'' by George A. Dean, Manhattan, Kans.

(12 minutes.) Lantern.

A brief account of the Hessian fly infestation in the state; the organization of the

special train; how the train was conducted and the results accomplished,

"County Cooperation to Prevent Hessian Fly Damage,'' by H. A.

Gossard, Wooster, Ohio. (5 minutes.)

This paper describes a method by which an entire county was kept solidly in

line, almost no one sowing until advised by the county agent and Station

Entomologist to do so.

Adjournment.

Program

Thursday, December 30, 10.00 a. m.

Reading of Papers

"Dispersion of Musca domestica Linnaeus under City Conditions,^' by

Ralph R. Parker, Bozeman, Mont. (15 minutes.) Lantern.

An account of dispersion experiments conducted on a large scale.

"An Appreciation of the Hawaiian Parasite Introduction Work," by

L. 0. Howard, Washington, D. C. (15 minutes.) Lantern.

A brief account of observations made and facts learned on a visit to Oahu in

August, 1915—an effort to show more emphatically than has hitherto been

done, the importance of the results accomplished.
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'^Life History and Habits of Two New Nematodes Parasitic on In-

sects, " b}^ Joseph H. Merrill, Manhattan, Kans. (12 minutes.)

One of these nematodes is parasitic upon Saperda trideniata and the other upon
Leucoiermes lucifigus.

^'Some Non-bacterial Insect Diseases, by J. W. Chapman, and R.

•W. Glaser, Forest Hills, Mass. (15 minutes.) Lantern.

Methods of diagnosis, distribution and etiological investigations.

Final Business

Report of committee on auditing.

Report of committee on resolutions.

Report of committee on membership.

Report of other committees.

Nomination of Journal Officers by Advisory Committee.

Report of committee on nominations.

Election of officers.

Miscellaneous business.

Fixing the time and place of next meeting.

Final adjournment.

A. F. Burgess, Secretary,

Melrose Highlands, Mass.

Glenn W. Herrick, President,

Ithaca, N. Y.
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THE KNY-SCHEERER CO.
DEPARTMENT OF NATURAL SCIENCE

404-410 W. 27th St. NEW YORK, N. Y. 14 x 22 x 21/2

LEPIDOPTERA BOXES
GREATLY IMPROVED

12 z 8 in., lined with oompressed turf,
$6.00 per doz.
Lined with Asta cork, $6.00
per doz.

SCHMITT BOXES.
First lot of 1000 Standard style will

be ready within a few weeks.

Sample box at $1.00

EXHIBITION CASES.
$0.70
1.20

8 X 11 X 2V2", plain,
12 X 16 X 2V2" "

2.00

GET THE BEST
A Good Spray Pump earns big

profits and lasts for years.

THE ECLIPSE
is a good pump. As practical

fruit growers we were using

common sprayers in our own
orchards—found their defects

and invented the Eclipse. Its

success forced us to manufac-

turing on a large scale. You
take no chances. We have

done all the experimenting!

Large, fully illustrated Catalog

and Treatise on spraying Free.

Morrill & Morley Mfg. Co.
Box 9, Benton Harbor, Michigan

Destroy Tree Pests
^ Kill San Jose Scale, Apple Scab. Fun-
-^gi, lice, butjs and other enemies of

vegetation by spraying with

GOGD'SSS^SSFISH OILSOAP N?3
Does not barm the trees— fertilizes
the soil and aids healthy Krowth.
Uped and endorsed bv U. S. Dept.

of Agricultare. FREE.—Our valuable book on Tree
and Plant Diseases. Write for it today.
JAMES GOOD. Orig'l MakCT 939-41 N. Front St., Phila.

Please mention the Journal of Economic Entomology when writing to advertisers*
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All the sabscribers to this paper

are undoubtedly familiar with

Deming Pumps, and many of you

have operated them. In our

latest Catalogue are some new
developments in spraying appara-

tus that will interest you. We
should like to send you a copy.

The above cut illus-

trates our famous
"Sampson" double
acting hand sprayer
with upright lever.

The picture to the
left is our Fig. 765

double acting power
sprayer which can
be belted to any en-
gine and is good for

200 lbs. pressure.

The Deming Company '8 Depot St., Salem, Ohio

MANUFACTURERS OF

HAND AND POWER PUMPS FOR ALL USES

General Distributing Houses in All Principal Cities

Please mention the Journal of Economic Entomology when writing to advertisers.
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POWER
SPRAYING
would have saved

these trees

This cut illustrates -two of the several hun-
dred beautiful elm trees, killed by the ELM
LEAF BEETLE, in one of our larg^t Uni-
versity cities, because they were not sprayed.

Does a simDar problem confront you?

If so, let us tell you about our method by
which laige trees may be sprayed for a few
pennies each.

Among those using our HIGH DUTY
sprayers are: United States Department of

Agriculture; United States War Department;
United States Capitol Grounds; District of

Columbia ; Massachusetts State Forester;

Massachusetts Metropolitan Parks; Massa-
chusetts Metropolitan Water and Sewerage
Board; Cities of Boston, Mass.; Albany, N.
Y.; Providence, R. I., and over 100 others.

We manufacture and sell over 90% of the

HIGH DUTY sprayers used in the United
States.

Catalog on request.

FITZHENRY-GUPTILL COMPANY
49 Washington Street, North

BOSTON, MASS.
135 First Street

EAST CAMBRIDGE, MASS.

Spraying for the ELM LEAF BEETLE with our Standard "A". United States Capitol Grounds.

Please mention the Journal of Economic Entomology when writing to advertisers..
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SWIFT'S
Arsenate of Lead

STANDS FOR

Quality M Efficiency

Manufactured Only By The

MERRIMAC CHEMICAL
COMPANY

BOSTON, - - - MASS.

HEMINGWArS LEAD ARSENATE
is made by a firm with 35 years' experience in the manufacture

of arsenical spray materials. It possesses perfect miscibility with

maximum sticking power, is 20% stronger than the federal law

requires, and is selected by the discriminating fruit grower and

shade tree expert.

HEMINGWArS "CAASCU"
Pronounced "K. S. Q."

is a combined Insecticide and Fungicide for spraying or dusting

on potato plants, grapevines and general truck crops. It kills

the foliage-eating insect and prevents blight.

For literature and prices write to Dep't. J,

HEMINGWAY COMPANY. Inc.
NO. 1 BROADWAY, NEW YORK

Please mention ^he Journal of Economic Entomology when writing to advertisers.
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TROPICAL DISEASES BULLETIN
PUBLISHED FORTNIGHTLY

Under the General Editorship of the Director of the Tropical Diseases Bureau,
Imperial Institute

—

A. G. Bagshawe, M. B., D, P. H. Cantab.

In November, 1912, the Tropical Diseases Bure&u, which replaced the Sleeping' Sickness Bureau
on July tst, 1912, commenced the publication of the "Tropic&l Diseases Bulletin." The tropical and
sub-tropical diseases of man are g'rouped in sections, which are in charge of the following'
Sectional Editors:

Fleet-Surgeon P. W. Bassett-Smith. C. B. Dr. Edward Hindle
Lieut.-Col. C. BiHT, R. A. M. C. R. T. Leiper, D. Sc., M. B., Ch. B.
Andrew Balfour, C. M. G., M. D., D. P. R. F. M. Sandwith, M. D., F. R. C. D.
Cantab. J. Henderson Smith, M. B., Ch. B.

Aldo Castellane, M. D. C. M. Wenton, B. Sc., M. B., B. S.
Captain S. R. Douglas, I. M. S. (ret'd) Warrington York, M. D.
H. B. Fantham. D. Sc.

The Honorary Managing' Committee and Staff of the Bureau are as follows:

Chairman:—Tnn Right Honourable Sir J. WEST RIDGEWAY, G. C. B., G. C. M. G.,
K. C. S. I., LL. D.

Sir John Rose Bradford, K. C. M. G., F. R. S. Sir Ronald Ross, K. C. B„ F. R. S.

Surgeon-General Sir David Bruce, C. B., F. Stewart Stockman, M. R. C. V. S.

R. S. J. A. C. TiLLET (Representing the Foreign
Surgeon-General Sir Havelock Charles, I. M. OflSce and Sudan Government)

S„ G. C. V. D. H. J. Read, C. M. G. (Representing the Colon-
Bt.-Lieut.-Colonel Sir William B. Leishman, ial Office),

R. A. M. C, F. R. S. WITH
Sir John M'Fadyean, M. R. C. V. S. A. Berriedale Keith. M. A., D. C. L., of the
Sir Patrick Manson, G. C. M. G,, F, R. S. Colonial Office, as Secretary.

Assistant Director:—G. C. Low, M. A., M. D., Lecturer, London School of Tropical Medicine.

Librarian:—R. L. Sheppard.

ANNUAL SUBSCRIPTION, £l Is. post free. SINGLE NUMBERS, Is. 6d.

The Roessler 6 HassUer CheniiGdl Co.

100 William Street, New York
Works: Perth Amboy, N. J.

FUMIGATING
CYANIDE

For generating Hydrocyanic Acid Gas.

The only positive eradicator of the San Jos^ Scale,

Red and Black Scale and other insect pests.

Please mention the Journal of Economic Entomology when writing to advertisers.
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"ORCHARD BRAND"
SPRAY MATERIALS

Will be furnished free of charge, in small quantities, to ento-

mologists and pathologists for experimental purposes. We want

our materials tested and retested in order that we may correct

any defects that may be detected. ''Orchard Brand" Spray

Materials represent the highest standard of quality and efficiency

and it is our purpose to maintain this standard at any cost.

Our Research Department is composed of experts in entomol-

ogy, pathology, and chemistry, and it is their

business to analyze, test, and direct

the use of all spray materials

manufactured by the

Company. ^ f J S 4 ^^S^^S^^ "y

We are not ^

only equipped to furnish

the growers with good, reliable

materials, but also with correct information as to

their uses in the treatment of insects and diseases

ing is a partial list of our products:

The foUow-

Lime-Sulphur Solution

Soluble Oil

Arsenate of Lead—Standard
Arsenate of Lead—Tri-plumbic
Arsenate of Lead—Powder
Arsenite of Zinc—Paste
Arsenite of Zinc—Powder

Atomic Sulphur
Bordeaux Mixture—Paste
Bordeaux Mixture—Powder
Bordeaux-Arsenate of Lead mixture
Bordeaux-Arsenite of Zinc mixture
Blue Stone
Sulphur

G. P. Chemicals

THOMSEN CHEMICAL COMPANY
BALTIMORE. MD.

Syracuse, N. Y.

BRANCHES:
St. Louis, Mo.

San Francisco, Cal.

Fort Valley, Ga.

Please mention the Journal of Economic Entomology when writing to advertisers.
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Tanglefoot saved
le tree on left

against Gypsy, Brown-tail and Tussock
Caterpillars, Canker Worms, Climbing
Cut Worms and Ants. It is also effective

against any crawling insects attacking
fruit, shade or ornamental trees.

Band Trees About Two Weeks
Before Insects Appear and

Get Best Results
Easily applied with wooden paddle. One pound

makes about 10 lineal feet of band. One applica-
tion stays sticky 3 months and longrer—outlasting
10 to 20 times any other substance. Remains
effective rain or shine. Won't soften—won't run
or melt, yet always elastic, expanding with
growth of tree. No mixing, simply open can
and use. Will not injure trees.

For Tree Surgery
Tree Tanglefoot is superior to anything on

the market— it is the best application after

pruning or trimming. It will water-proof the
crotch of a tree or a cavity or wound in a tree,

when nothing else will do it.

Sold by All First-Class Seed Dealers
Mb. cans 30c; 3-lb. cans 85c; 10-lb. cans $2.65;

20-Ib. cans 14.80, and 25-lb. wooden pails f5.95.

Write today for illustrated booklet on Leaf-
eating Insects. Mailed free.

THEO.&W.THUM COMPANY
117 Straight Ave. Grand Rapids, Mich.

Manufacturers of Tanglefoot Fly
Paper and Tree Tanglefoot (38)

Ward's Natural Science Establishment

84-102 COLLEGE AVE. ROCHESTER, N. Y.

Having recently purchased the entire stock of the American Ento-

mological Co., of Brooklyn, we are now prepared to furnish Entomo-
logical Specimens and Supplies of all kinds.

We beUeve our stock to be the largest in this country, if not in

the world, and we soUcit your patronage.

Our prices are made as low as is possible, considering the quahty

of the material furnished.

We manufacture the only genuine Schmitt Boxes and the Amer-
ican Entomological Co. Insect Pins.

We shall prepare from time to time special hsts of choice material,

and will mail these free to those whose names are on our mailing list.

If interested in other branches of natural history write for our

Circular E-lOO, listing our numerous price Usts.

Founded 1862 Incorporated 1890
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For four years Higley 's pruners have undergone the most severe tests and have

abundantly demonstrated the fact that while they are not designed to cut down
trees, they are of the greatest assistance to foresters and others in getting rid of

the brown-tail moths and other pests which ruin our fruit trees and forests.

Our No. 1, or Self-Holding Pruner, is the only one of the kind in the world, and

we are already receiving calls from Australia and many countries in Europe.

That such a pruner has long been wanted goes without saying, and the many
endorsements which we can furnish speak volumes for them.

The cut made by these pruners is a clean one, and allows the wound to heal

readily and quickly. The limb or moth nest need never be lost among the foliage,

but can be deposited in a pile or basket beneath the tree, one man doing the work
of two with other pruners. For cutting flowers, trimming hedges, blackberry

bushes and other ornamental shrubs, these pruners are unequaled.

Parties desiring further information should address the

SELF-HOLDING PRUNER CO.
36 TO 40 WINTER STREET

SOMERSWORTH, N. H., U. S. A.
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TO DESTROY=

APHIS, THRIPS, PEAR PSYLIA,

CRAPE LEAF HOPPER, Etc.

WITHOUT INJURY TO FOLIAGE

SPRAY WITH

"BLACK LEAF 40"
A CONCENTRATED SOLUTION OF NICOTINE SULPHATE,

"Black Leaf 40" is highly recommended by experiment sta-

tions and spraying experts throughout the entire United States.

Owing to the large dilution, neither foliage nor fruit is stained.

Also, "Black Leaf 40" is perfectly soluble in water—no clog-

ging of nozzles.

PRICES:
10-lb. Can. $10.75 Makes 1500 to 2000 gallons for Pear

Thrips, with addition of 3 per cent, dis-

tillate of oil emulsion; or about 1000 gal-

lons for Green Aphis, Pear Psylla, Hop
Louse, etc., or about 800 gallons for

Black Aphis and Woolly Aphis—with
addition of three or four pounds of any
good laundry soap to each 100 gallons of

water.

2-lb. Can, $2.50.

H-lb. Can, 0.75.

If you cannot obtain ''Black Leaf 40" from a local dealer,

send us P. 0. Money Order, and we will ship you by express at

the above prices (for the L^nited States), prepaying the expressage
to your nearest railroad town in the United States. There is a
duty charged on all shipments made into Canada.

THE KENTUCKY TOBACCO PRODUCT COMPANY
INCORPORATED

LOUISVILLE. KY.. U. S. A.
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All the subscribers to this paper

are undoubtedly familiar with

Deming Pumps, and many of you

have operated them. In our

latest Catalogue are some new

developments in spraying appara-

tus that will interest you. We
should like to send you a copy.

The above cut illus-

trates our famous
"Sampson" double
acting hand sprayer
with upright lever.

The picture to the
left is our Fig. 765
double acting power
sprayer which can
^^e belted to any en-

11e and is good for

jO lbs. pressure.

The Deming Company '8 Depot St, Salem, Ohio

MANUFACTURERS OF

HAND AND POWER PUMPS FOR ALL USES

General Distributing Houses in All Principal Cities
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POWER
SPRAYING
would have saved

these trees

This cut illustrates two of the several hun-
dred beautiful elm trees, killed by the ELM
LEAF BEETLE, in one of our largest Uni-
versity cities, because they •were not sprayed.

Does a similar problem confront you?

If so, let us tell you about our method by
which laige trees may be sprayed for a few
pennies each.

Among those using our HIGH DUTY
sprayers are: United States Department of

Agriculture; United States War Department;
United States Capitol Grounds; District of

Columbia ; Massachusetts State Forester;

Massachusetts Metropolitan Parks; Massa-
chusetts Metropolitan Water and Sewerage
Board; Cities of Boston, Mass.; Albany, N.
Y.; Providence, R. I., and over 100 others.

We manufacture and sell over 90% of the

HIGH DUTY sprayers used in the United
States.

Catalog on request.

FIT2HENRY-GUPTILL COMPANY
49 Washington Street, North

BOSTON, MASS.
135 First Street

EAST CAMBRIDGE. MASS.

Spraying for the ELM LEAF BEETLE with our Standard "A". United States Capitol Grounds.
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SWIFT'S
Arsenate of Lead

STANDS FOR

Quality M Efficiency

Manufactured Only By The

MERRIMAC CHCMICAL
COMPANY

BOSTON, - MASS.

HEMINGWAY'S lEAD ARSENATE
is made by a firm with 35 years* experience in the manufacture

of arsenical spray materials. It possesses perfect miscibility with

maximum sticking power, is 20% stronger than the federal law

requires, and is selected by the discriminating fruit grower and

shade tree expert.

HEMINGWAY'S XAASCU"
Pronounced ''K. S. Q."

is a combined Insecticide and Fungicide for spraying or dusting

on potato plants, grapevines and general truck crops. It kills

the foliage-eating insect and prevents blight.

For literature and prices write to Dep't. J,

HEMINGWAY C$ COMPANY, Inc.
NO. 1 BROADWAY. NEW YORK
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"ORCHARD BRAND"
SPRAY MATERIALS

Will be furnished free of charge, in small quantities, to ento-

mologists and pathologists for experimental purposes. We want

our materials tested and retested in order that we may correct

any defects that may be detected. ''Orchard Brand" Spray

Materials represent the highest standard of quality and efficiency

and it is our purpose to maintain this standard at any cost.

Our Research Department is composed of experts in entomol-

ogy, pathology, and chemistry, and it is their

business to analyze, test, and direct

the use of all spray materials

manufactured by the

Company. ' t|

We are not ^ i

only equipped to furnish

the growers with good, reliable

materials, but also with correct information as to

their uses in the treatment of insects and diseases. The follow-

ing is a partial list of our products:

Lime-Sulphur Solution

Soluble Oil

Arsenate of Lead—Standard
Arsenate of Lead—Tri-plumbic
Arsenate of Lead—Powder
Arsenite of Zinc—Paste
Arsenite of Zinc—Powder

Atomic Sulphur
Bordeaux Mixture—Paste

Bordeaux Mixture—Powder
Bordeaux-Arsenate of Lead mixture
Bordeaux-Arsenite of Zinc mixture
Blue Stone
Sulphur

G. P. Chemicals

THOMSEN CHEMICAL COMPANY
BALTIMORE, MD.

Syracuse, N. Y.

BRANCHES:
St. Louis, Mo.

San Francisco, Cal.

Fort Valley, Ga.
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against Gypsy, Brown-tail and Tussock
Caterpillars, Canker Worms, Climbing
Cut Worms and Ants. It is also effective

against any crawling insects attacking
fruit, shade or ornamental trees.

Band Trees About Two Weeks
Before Insects Appear and

Get Best Results
Easily applied with wooden paddle. Cne pound

makes about 10 lineal feet of band. One applica-
tion stays sticky 3 months and longfer—outlasting
10 to 20 times any other substance. Remains
effective rain or shine. Won't soften—won't run
or melt, yet always elastic, expanding with
gfrowth of tree. No mixing, simply open can
and use. Will not injure trees.

For Tree Surgery
Tree Tanglefoot is superior to anything on

the market— it is the best application after

pruning or trimming. It will water-proof the

crotch of a tree or a cavity or wound in a tree,

when nothing else will do it.

Sold by All First-Class Seed Dealers
l-lb. cans 30c; 3-lb. cans 85c; 10-lb. cans S2.65;

20-lb: cans 54.80, and 25-lb. wooden pails «5.95.

Write today for illustrated booklet on Leaf-
eating Insects. Mailed free.

THE 0.&W.THUMCOMPANY
117 Straight Ave. Grand Rapids, Mich.

Manufacturers of Tanglefoot Fly
Paper and Tree Tanglefoot (38)

Ward's Natural Science Establishment

84-102 COLLEGE AVE. ROCHESTER, N. Y.

Having recently purchased the entire stock of the American Ento-

mological Co., of Brooklyn, we are now prepared to furnish Entomo-
logical Specimens and Supplies of all kinds.

We beUeve our stock to be the largest in this country, if not in

the world* and we soHcit your patronage.

Our prices are made as low as is possible, considering the quality

of the material furnished.

We manufacture the only genuine Schmitt Boxes and the Amer-

ican Entomological Co. Insect Pins.

We shall prepare from time to time special hsts of choice material,

and will mail these free to those whose names are on our mailing list.

If interested in other branches of natural history write for our

Circular E-lOO, Hsting our numerous price lists.

Founded 1862 Incorporated 1890
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Higley'sKingofPK

Both Self-Holding and

Non-Holding

For four vears Higley's pruners have undergone the most severe tests and have

abundantly demonstrated the fact that while they are not designed to cut down
trees, they are of the greatest assistance to foresters and others in getting rid of

the brown-tail moths and other pests which ruin our fruit trees and forests.

Our No. 1, or Self-Holding Pruner, is the only one of the kind in the world, and

we are already receiving calls from Australia and many countries in Europe.

That such a pruner has long been wanted goes without saying, and the many
endorsements which we can furnish speak volumes for them.

The cut made by these pruners is a clean one, and allows the wound to heal

readily and quickly. The limb or moth nest need never be lost among the foliage,

but can be deposited in a pile or basket beneath the tree, one man doing the work

of two with other pruners. For cutting flowers, trimming hedges, blackberry

bushes and other ornamental shrubs, these pruners are unequaled.

Parties desiring further information should address the

SELF-HOLDING PRUNER CO.
36 TO 40 WINTER STREET

SOMERSWORTH, N. H., U. S. A.
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TO DESTROY^=

APHIS, THRIPS, PEAR PSYLIA,

CRAPE lEAF HOPPER, Etc

WITHOUT INJURY TO FOLIAGE

SPRAY WITH

BLACK LEAF 40"
A CONCENTRATED SOLUTION OF NICOTINE SULPHATE,

Black Leaf 40" is highly recommended by experiment sta-

tions and spraying experts throughout the entire United States.

Owing to the large dilution, neither foliage nor fruit is stained.

Also, ''Black Leaf 40" is perfectly soluble in water—no clog-

ging of nozzles.

PRICES:
10-lb. Can. $10.75 Makes 1500 to 2000 gallons for Pear

Thrips, with addition of 3 per cent, dis-

tillate of oil emulsion; or about 1000 gal-

lons for Green Aphis, Pear Psylla, Hop
Louse, etc., or about 800 gallons for

Black Aphis and Woolly Aphis—with
addition of three or four pounds of any
good laundry soap to each 100 gallons of

water.

2-lb. Can, $2.50.

H-lb. Can, 0.75.

If you cannot obtain ''Black Leaf 40" from a local dealer,

send us P. 0. Money Order, and we will ship you by express at

the above prices (for the United States), prepaying the expressage

to your nearest railroad town in the United States. There is a

duty charged on all shipments made into Canada.

THE KENTUCKY TOBACCO PRODUCT COMPANY
INCORPORATED

LOUISVILLE. KY., U. S. A.
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THE KNY-SCHEERER CO.
DEPARTMENT OF NATURAL SCIENCE

404-^10 W. 27th St. NEW YORK, N- Y.

LEPIDOPTERA BOXES
GREATLY IMPROVED

12 X 8 in., lined with compressed turf,
$5.00 per doz.
Lined with Asta oork, $6.00
per doz.

SCHMITT BOXES.
First lot of 1000 Standard style will

be ready within a few weeks.

Sample box at $1.01

EXHIBITION CASES.
8 X 11 X 2i'2". plain, $0.70
12x16x212" " 1.20
14x22x212' " 2.00

GET THE BEST
A Good Spray Pump earns big

profits and lasts for years.

THE ECLIPSE
is a good pump. As practical

fruit growers we were using

common sprayers in our own
orchards—found their defects

and invented the Eclipse. Its

success forced us to manufac-

turing on a large scale. You
take no chances. We have

done all the experimenting!

Large, fully illustrated Catalog

and Treatise on spraying Free.

Morrill & Morley Mfg. Co.
Box 9, Benton Harbor, Michigan

Destroy Tree Pests
* ^ ^p.?;. Kill San Jose Scale, Apple Scab. Fun-

" gi, lice, Imtjs and other enemies of
vegetation by spraying with

GOOD'S5SS5FISH OIL
,

SOAP N?3
Jl Does not harm the trees— fertilizes

the soil and aids healthy CTowth.
Used and endorsed by U. S. Dept.

of AgricuJtnre. FREE.—Our valuable book on Tree
and Plant Diseases. Write for it today.
JAMES GOOD. Orig'l Maker 939-41 N. Front St.. Phila.
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HANDBOOK OF MEDICAL ENTOMOLOGY
Wm. A. Riley, Professor of Insect Morphology and Parasitology, and

O. A. Johannsen, Professor of Biology, Cornell University.

A concise, up-to-date reference and text on parasitic and poisonous insects, espe-

cially those which transmit disease, with keys for determining the principal species

affecting man. Invaluable to entomologists, physicians and health officers.

Bound in library buckram. 8vo. Now Ready. 350 pp. Fully Illustrated.

Postpaid $2.20

Prospectus on application.

THE COMSTOCK PUBLISHING COMPANY :: Cornell Heights, ITHACA, N. Y.

Please mention the Journal of Economic Entomology ichen writing to advertisers.





I

POWER
SPRAYING
would have saved

these trees

This cut illustrates two of the several hun-
dred beautiful elm trees, killed by the ELM
LEAF BEETLE, in one of our largest Uni-
versity cities, because they were not sprayed.

Does a similar problem confront you?

If so, let us tell you about our method by
which laige trees may be sprayed for a few
pennies each.

Among those using our HIGH DUTY
sprayers are: United States Department of

Agriculture; United States War Department;
United States Capitol Grounds; District of

Columbia ; Massachusetts State Forester;

Massachusetts Metropolitan Parks; Massa-
chusetts Metropolitan Water and Sewerage
Board; Cities of Boston, Mass.; Albany, N.
Y.; Providence, R. L, and over 100 others.

We manufacture and sell over 90% of the
HIGH DUTY sprayers used in the United
States.

Catalog on request.

FITZHENRY-GUPTILL COMPANY
49 Washington Street, North

BOSTON, MASS.
135 First Street

EAST CAMBRIDGE, MASS.

.ITS

Spraying for the ELM LEAF BEETLE with our Standard "A". United States Capitol Grounds.
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Manufactured Only By The

MERRIMAC CHCMICAL
COMPANY

BOSTON, - MASS.

HEMINGWAH LEAD ARSENATE
is made by a firm with 35 years' experience in the manufacture

of arsenical spray materials. It possesses perfect miscibility with

maximum sticking power, is 20% stronger than the federal law

requires, and is selected by the discriminating fruit grower and

shade tree expert.

HEMINGWAY'S "CAASCU"
Pronounced "K. S. Q."

is a combined Insecticide and Fungicide for spraying or dusting

on potato plants, grapevines and general truck crops. It kills

the foliage-eating insect and prevents blight.

For literature and prices write to Dep't J,

HEMINGWAY & COMPANY, Inc.
NO. 1 BROADWAY. NEW YORK
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"ORCHARD BRAND"
SPRAY MATERIALS

Will be furnished free of charge, in small quantities, to ento-

mologists and pathologists for experimental purposes. We want

our materials tested and retested in order that we may correct

any defects that may be detected. " Orchard Brand " Spray

Materials represent the highest standard of quality and efficiency

and it is our purpose to maintain this standard at any cost.

Our Research Department is composed of experts in entomol-

ogy, pathology, and chemistry, and it is their

business to analyze, test, and direct

the use of all spray materials

manufactured by the

Company. -

'

We are not

only equipped to furnish

the growers with good, reliable
'

materials, but also with correct information as to

their uses in the treatment of insects and diseases,

ing is a partial list of our products:

The follow-

Lime-Sulphur Solution

Soluble Oil

Arsenate of Lead—Standard
Arsenate of Lead—Tri-plumbic
Arsenate of Lead—Powder
Arsenite of Zinc—Paste
Arsenite of Zinc—Powder

Atomic Sulphur
Bordeaux Mixture—Paste
Bordeaux Mixture—Powder
Bordeaux-Arsenate of Lead mixture
Bordeaux-Arsenite of Zinc mixture
Blue Stone
Sulphur

C. P. Chemicals

THOMSEN CHEMICAL COMPANY
BALTIMORE. MD.

Syracuse, N. Y.

BRANCHES

:

St. Louis, Mo.

San Francisco, Cal.

Fort Valley, Ga.
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against Gypsy, Brown-tail and Tussock
Caterpillars, Canker Worms, Climbing
Cut Worms and Ants. It is also effective

against any crawling insects attacking
fruit, shade or ornamental trees.

Band Trees About Two Weeks
Before Insects Appear and

Get Best Results
Easily applied with wooden paddle. Cne pound

makes about 10 lineal feet of band. One applica-
tion stays sticky 3 months and longer—outlasting:

10 to 20 times any other substance. Remains
eflfective rain or shine. Won't soften—won't run
or melt, yet always elastic, expanding with
growth of tree. No mixing, simply open can
and use. Will not injure trees.

For Tree Surgery
Tree Tanglefoot is superior to anything on

the market— it is the best application after

pruning or trimming. It will water-proof the

crotch of a tree or a cavity or wound in a tree,

when nothing else will do it.

Sold by All First-Class Seed Dealers
Mb. cans 30c; 3-lb. cans 85c; 10-lb. cans $2.65;

20-lb. cans 54.80, and 25-lb. wooden pails S5.95.

Write today for illustrated booklet on Leaf-
eating Insects. Mailed free.

THE 0.&W.THUM COMPANY
117 Straight Ave. Grand Rapids, Mich.

Manufacturers of Tanglefoot Fly
Paper and Tree Tanglefoot (38)

Ward's Natural Science Establishment

84-102 COLLEGE AVE. ROCHESTER, N. Y.

Having recently purchased the entire stock of the American Ento-

mological Co., of Brooklyn, we are now prepared to furnish Entomo-
logical Specimens and Supplies of all kinds.

We beUeve our stock to be the largest in this country, if not in

the world, and we soHcit your patronage.

Our prices are made as low as is possible, considering the quality

of the material furnished.

We manufacture the only genuine Schmitt Boxes and the Amer-
ican Entomological Co. Insect Pins.

We shall prepare from time to time special hsts of choice material,

and will mail these free to those whose names are on our mailing list.

If interested in other branches of natural history write for our

Circular E-lOO, listing our numerous price lists.
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HANDBOOK OF MEDICAL ENTOMOLOGY
Wm. A. Riley, Professor of Insect Morphology and Parasitology, and
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Known the world over as "THE WORLD'S BEST

All the subscribers to this paper

are undoubtedly^ familiar with

Deming Pumps, and many of you

have operated them. In our

latest Catalogue are some new
developments in spraying appara-

tus that will interest you. We
should like to send you a copy.

The above cut illus-

trates our famous
"Sampson" double
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with upright lever.

The picture to the
left is our Fig. 765
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sprayer which can
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mologists and pathologists for experimental purposes. We want

our materials tested and retested in order that we may correct

any defects that may be detected. ''Orchard Brand" Spray

Materials represent the highest standard of quality and eflSciency

and it is our purpose to maintain this standard at any cost.

Our Research Department is composed of experts in entomol-

ogy, pathology, and chemistry, and it is their

business to analyze, test, and direct

the use of all spray materials

manufactured by the

Company. .^---^fr
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We are not -.. . ^

only equipped to furnish ^-

the growers with good, reliable

materials, but also with correct information as to

their uses in the treatment of insects and diseases,

ing is a partial list of our products:

The foUow-

Lime-Sulphur Solution

Soluble Oil

Arsenate of Lead—Standard
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Arsenite of Zinc—Paste
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against Gypsy, Brown-tail and Tussock
Caterpillars, Canker Worms, Climbing
Cut Worms and Ants. It is also effective

against any crawling insects attacking
fruit, shade or ornamental trees.

Band Trees About Two Weeks
Before Insects Appear and

Get Best Results
Easily applied with wooden paddle. One pound

makes about 10 lineal feet of band. One applica-
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10 to 20 times any other substance. Remains
effective rain or shine. Won't soften—won't run
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tor Tree Surgery
Tree Tang:lefoot is superior to anything' on

the market— it is the best application after
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crotch of a tree or a cavity or wound in a tree,

when nothing- else will do it.

Sold by All First-Class Seed Dealers
l-lb. cans 30c; 3-lb. cans 85c; 10-lb. cans f2.65;

20-lb. cans «4.80, and 25-lb. wooden pails $5.95.

Write today for illustrated booklet on Leaf-
eating Insects. Mailed free.

THE 0.&W.THUM COMPANY
117 Straight Ave. Grand Rapids, Mich.

Manufacturers of Tanglefoot Fly
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Ward's Natural Science Establishment
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the world, and we solicit your patronage.

Our prices are made as low as is possible, considering the quahty
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We manufacture the only genuine Schmitt Boxes and the Amer-

ican Entomological Co, Insect Pins.

We shall prepare from time to time special Usts of choice material,

and will mail these free to those whose names are on our maiHng list.

If interested in other branches of natural history write for' our
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are undoubtedly familiar with

Deming Punips, and many of you

have operated them. In our

latest Catalogue are some new-

developments in spraying appara-

tus that will interest you. "We

should like to send you a copy.

The above cut illus-

trates our famous
''Sampson" double
acting hand sprayer
with upright lever.

The picture to the
left is our Fig. 765
double acting power
sprayer which can
be belted to any en-
^ine and is good for
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Materials represent the highest standard of quality and efficiency
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ogy, pathology, and chemistry, and it is their

business to analyze, test, and direct

the use of all spray materials
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Cut Worms and Ants. It is also effective

against any crawling insects attacking
fruit, shade or ornamental trees.
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Before Insects Appear and

Get Best Results
Easily applied with wooden paddle. One pound

makes about 10 lineal feet of band. One applica-
tion stays sticky 3 months and longer—outlasting:
10 to 20 times any other substance. Remains
effective rain or shine. Won't soften—won't run
or melt, yet always elastic, expanding with
growth of tree. No mixing, simply open can
and use. Will not injure trees.

For Tree Surgery
Tree Tanglefoot is superior to anything on

the market— it is the best application after
pruning or trimming. It will water-proof the
crotch of a tree or a cavity or wound in a tree,

when nothing else will do it.

Sold by All First-Class Seed Dealers
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Entomological Supplies of all kinds, including

the only genuine hand-made Schmitt
Insect Boxes and the well known Amer-
ican Entomological Co.'s Insect Pins.

Please mention the Journal of Economic Entomology when writing to advertisers.
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HANDBOOK OF MEDICAL ENTOMOLOGY
Wm. A. Riley, Professor of Insect Morphology and Parasitology, and

O. A. Johannsen, Professor of Biology, Cornell University.

A concise, up-to-date reference and text on parasitic and poisonous insects, espe-
cially those which transmit disease, with keys for determining the principal species

affecting man. Invaluable to entomologists, physicians and health officers.

Bound in library buckram. 8vo. Now Ready. 350 pp. Fully Illustrated.

Postpaid $2.20

Prospectus on application.

THE COMSTOCK PUBLISHING COMPANY :: :: Cornell Heights, ITHACA, N. Y.

Protect Your Health-"Swat The Fly"

IT IS A WELL KNOWN FACT THAT FLIES CARRY DISEASE; AN EASY
METHOD OF EXTERMINATING THE FLY IS AS FOLLOWS:

INSTRUCTIONS : Prepare a solution of nine parts of water to one part of

FORMALDEHYDE, pour in a flat saucer, and add a teaspoonful of sugar. Place in

the middle of the solution a small sponge, piece of bread or rag. Renew solution

every day.

USE IT IN YOUR HOME
FOR ALL USES OF Formaldehy)de IN THE HOUSEHOLD AND OTHERWISE, ADDRESS

Perth Amboy Chemical Works,
100 WILLIAM STREET, NEW YORK.

The above method is strongly recommended by physicians and such authorities as

the Chicago Board of Health.

Be sure to specify Perth Amboy Chemical Works Formaldehyde when ordering
through your wholesale or retail druggist.

"P. A. C. W." FORMALDEHYDE can now be secured in original
sealed 1-lb. bottles, at 35c. a bottle.

Entomological Books For Sale
A large number of books, reports, bulletins, etc., relating to

American Economic Entomology, always on hand. Lists of

desiderata invited.

Best prices paid for Entomological and Ornithological Liter-

ature.

JOHN D. SHERMAN, JR.

403 Seneca Avenue - - MOUNT VERNON, N. Y.

Please mention the Journal of Economic Entomology when writing to advertisers^
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TO DESTROY^=

APHIS, THRIPS, PEAR PSYLIA,

GRAPE LEAF HOPPER, Etc.

WITHOUT INJURY TO FOLIAGB

SPRAY WITH

"BLACK LEAF 40"
A CONCENTRATED SOLUTION OF NICOTINE SULPHATE,

''Black Leaf 40" is highly recommended by experiment sta-

tions and spraying experts throughout the entire United States.

Owing to the large dilution, neither foliage nor fruit is stained.

Also, ''Black Leaf 40" is perfectly soluble in water—no clog-

ging of nozzles.

PRICES:
10-lb. Can. $10.75 Makes 1500 to 2000 gallons for Pear

Thrips, with addition of 3 per cent, dis-

tillate of oil emulsion; or about 1000 gal-

lons for Green Aphis, Pear Psylla, Hop
Louse, etc., or about 800 gallons for

Black Aphis and Woolly Aphis—with
addition of three or four pounds of any
good laundry soap to each 100 gallons of

water.
2-lb. Can, $2.50.

Can, 0.75.

If you cannot obtain "Black Leaf 40" from a local dealer,

send us P. 0. Money Order, and we will ship you by express at

the above prices (for the United States), prepaying the expressage

to your nearest railroad town in the United States. There is a
duty charged on all shipments made into Canada.

THE KENTUCKY TOBACCO PRODUCT COMPANY
INCORPORATED

LOUISVILLE, KY., U. S. A.

Please mention the Journal of Economic Entomology when writing to advertisers.
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The

JOURNAL OF ECONOMIC
BIOLOGY

Edited by WALTER E. COLLINGE, M.Sc, F.L.S., F.E.S.

Contains articles treating of all branches of Eco-
nomic Biology, Entomology, Parasitology, Mycology,
etc. Fully illustrated by lithographic plates and text

figures. A few sets of Vols. 1-8 still remain, price

^Is. each. Volume 9, now in course of publication,

will consist of four parts, price 21^.

All editorial communications should he addressed to

Walter E. Collinge, 59 Newhall Street, Birmingham,
and all subscriptions to

London: DULAU & CO., Ltd., 37 Soho Square, W.

Berlin: R. FRIEDLANDER <5? SOHN.

IMPORTANT NOTICE
TO ALL SUBSCRIBERS

9 All Subscribers are requested to notify the Business Manager
if any change of address is desired.

^ The Mailing List is carefully prepared for each issue and
each subscriber is requested to immediately report any failure

to receive the Journal. Unless such Notice is received from
Subscribers in the United States within sixty days or from
foreign Subscribers within ninety days from date of mailing

the issues, the missing numbers will be furnished only at the

regular published rate.

A. F. BURGESS, Business Manager
MELROSE HIGHLANDS, MASS., U. S. A.

Please mention the Journal of Economic Entomology when writing to advertisers.



THE KNY-SCHEERER CO.
DEPARTMENT OF NATURAL SCIENCE

404-410 W. 27th St. NEW YORK, N. Y.

LEPIDOPTERA BOXES
GREATLY IMPROVED

12 X 8 in., lined with compressed turf,
$5.00 per doz.
Lined with Asta cork, $6.00
per doz.

SCHMITT BOXES.
First lot of 1000 Standard style will

be ready within a few weeks.

Sample box at $1.09

EXHIBITION CASES.
8 X 11 X 2 1/2", plain, $0.70
12 X 16 X 21 2" " 1.20
14x22x21/2" " 2.00

GET THE BEST
A Good Spray Pump earns big

profits and lasts for years.

THE ECLIPSE
is a good pump. As practical

fruit growers we were using

common sprayers in our own
orchards—found their defects

and invented the Eclipse. Its

success forced us to manufac-

turing on a large scale. You
take no chances. We have

done all the experimenting!

Large, fully illustrated Catalog

and Treatise on spraying Free.

Morrill & Morley Mfg. Co,
Box 9, Benton Harbor, Michigan

Destroy Tree Pests
' ' Kill San Jose Scale, Apple Scab. Fun-

gi, lice, bntp and other enemies of
vegetation by spraying with

\ GOOD'SSSSFISH OIL^ SOAF=> rM?3
Does not harm the trees— fertilizes
the soil and aids healthy Krowth.
Uoed and endorsed bv U. S. Dept.

of Agriculture. FREE.-Our valuable book on Tree
and Plant Diseases. Write for it today.
JAMES GOOD. Orig'l Maker 939-41 N. Front St., Phila.

Pledse mention the Journal of Economic Entomology when writing to advertisers.
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Known the world over as "THE WORLD'S BEST

All the subscribers to this paper

are undoubtedly familiar with

Deming Pumps, and many of you

have operated them. In our

latest Catalogue are some new
developments in spraying appara-

tus that will interest you. We
should like to send you a copy.

The above cut illus-

trates our famous
"Sampson" double
acting hand sprayer
with upright lever.

The picture to the
left is our Fig. 765
double acting power
sprayer which can
be belted to any en-
gine and is good for

200 lbs. pressure.

The Deming Company Depot St., Salem, Ohio

MANUFACTURERS OF

HAND AND POWER PUMPS FOR ALL USES

General Distributing Houses in All Principal Cities

Please mention the Journal of Economic Entomology when writing to advertisers.
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POWER
SPRAYING
would have saved

these trees

This cut illustrates two of the several hun-
dred beautiful elm trees, killed by the ELM
LEAF BEETLE, in one of our largest Uni-
versity cities, because they were not sprayed.

Does a similar problem confront you?

If so, let us tell you about our method by
which laige trees may be sprayed for a few
pennies each.

Among those using our HIGH DUTY
sprayers are: United States Department of
Agriculture; United States War Department;
United States Capitol Grounds; District of

Columbia ; Massachusetts State Forester;

Massachusetts Metropolitan Parks; Massa-
chusetts Metropolitan Water and Sewerage
Board; Cities of Boston, Mass.; Albany, N.
Y.; Providence, R. I., and over 100 others.

We manufacture and sell over 90% of the
HIGH DUTY sprayers used in the United
States.

Catalog on request.

FITZHENRY GUPTILL COMPANY
49 Washington Street, North

BOSTON, MASS.
135 First Street

EAST CAMBRIDGE. MASS.

m

Spraying for the ELM LEAF BEETLE with our Standard "A". United States Capito! Grounds.

Please mention the Journal of Economic Entomology when writing to advertisers.



SWIFT'S
Arsenate of Lead

STANDS FOR

Quality M Efficiency

Manufactured Only By The

MERRIMAC CHEMICAL
COMPANY

BOSTON, - - _ - MASS.

HEMINGWAH LEAD ARSENATE
is made by a firm with 35 years' experience in the manufacture

of arsenical spra}^ materials. It possesses perfect miscibility with

maximum sticking power, is 20% stronger than the federal law

requires, and is selected by the discriminating fruit grower and

shade tree expert.

HEMINGWAY'S "CAASCU"
Pronounced "K. S. Q."

is a combined Insecticide and Fungicide for spraying or dusting

on potato plants, grapevines and general truck crops. It kills

the foliage-eating insect and prevents blight.

For literature and prices write to Dep't J,

HEMINGWAY 6 COMPANY, Inc.
NO. 1 BROADWAY. NEW YORK

Please mention the Journal of Economic Entomology ivlien writing to advertisers.
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ORCHARD BRAND
SPRAY MATERIALS
STANDARD OF QUALITY :: MAXIMUM OF EFFICIENCY

B T S* Atomic Sulphur
Lime Sulphur Solution Bordeaux Mixture
Arsenate of Lead, Dry or Paste Bordeaux Lead
Arsenite of Zinc, Dry or Paste Bordeaux Zinc

Arsenate of Lime, Powder
* B T S is a dry Barium Sulphur Compound and is a complete substitute

for Lime Sulphur Solution.

Manufactured by

THOMSEN CHEMICAL COMPANY
BALTIMORE, MARYLAND

G. R. CusHMAX, Manager W. M. Scott, Entomologist and Pathologist

Please mention the Journal of Economic Entomology when ivriting to advertisers,^

1
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against Gypsy, Brown-tail and Tussock
Caterpillars, Canker Worms, Climbing
Cut Worms and Ants. It is also effective

against any crawling insects attacking
fruit, shade or ornamental trees.

Band Trees About Two Weeks
Before Insects Appear and

Get Best Results
Easily applied with wooden paddle. Cne pound

makes about 10 lineal feet of band. One applica-
tion stays sticky 3 months and longfer—outlasting:
10 to 20 times any other substance. Remains
effective rain or shine. Won't soften—won't run
or melt, yet always elastic, expanding: with
growth of tree. No mixing:, simply open can
and use. Will not injure trees.

For Tree Surgery
Tree Tang-lefoot is superior to anything on

the market— it is the best application after

pruning: or trimming:. It will water-proof the
crotch of a tree or a cavity or wound in a tree,

when nothing: else will do it.

Sold by All First-Class Seed Dealers
l-lb. cans 30c; 3-lb. cans 85c; 10-lb. cans S2.65;

20-lb. cans $4.80, and 25-lb. wooden pails $5.95.

Write today for illustrated booklet on Leaf-
eating: Insects. Mailed free.

THE 0.&W.THUM COMPANY
117 Straight Ave. Grand Rapids, Mich.

Manufacturers of Tanglefoot Fly
Paper and Tree Tanglefoot (38)

WARD'S NATURAL SCIENCE ESTABLISHMENT
84-102 COLLEGE AVENUE, ROCHESTER, N. Y.

Entomological Supplies of all kinds, including

the only genuine hand-made Schmitt
Insect Boxes and the well known Amer-
ican Entomological Co.'s Insect Pins.

Write for E-30, free catalogue of Entomological Supplies; E-125, Life Histories of
Insects of Economic Importance; also special lists of

Lepidoptera, Coleoptera, etc.

Please mention the Journal of Economic Entomology when writing to advertisers.
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HANDBOOK OF MEDICAL ENTOMOLOGY
Wm. A. Riley, Professor of Insect Morphology and Parasitology, and

O. A. Johannsen, Professor of Biology, Cornell University.

_
A concise, up-to-date reference and text on parasitic and poisonous insects, espe-

cially those which transmit disease, with keys for determining the principal species

affecting man. Invaluable to entomologists, physicians and health officers.

Bound in library buckram. 8vo. Now Ready. 350 pp. Fully Illustrated

.

Postpaid $2.20

Prospectus on application.

THE COMSTOCK PUBLISHING COMPANY :: Cornell Heights, ITHACA, N. Y.

Protect Your Health-"Swat The Fly"

IT IS A WELL KNOWN FACT THAT FLIES CARRY DISEASE; AN EASY
METHOD OF EXTERMINATING THE FLY IS AS FOLLOWS:

INSTRUCTIONS : Prepare a solution of nine parts of water to one part of

FORMALDEHYDE, pour in a flat saucer, and add a teaspoonful of sugar. Place in

the middle of the solution a small sponge, piece of bread or rag. Renew solution

every day.

USE IT IN YOUR HOME
FOR ALL USES OF Formaldehyde IN THE HOUSEHOLD AND OTHERWISE, ADDRESS

Perth Amboy Chemical Works,
100 WILLIAM STREET, NEW YORK.

The above method is strongly recommended by physicians and such authorities as

the Chicago Board of Health.

Be sure to specify Perth Amboy Chemical Works Formaldehyde when ordering
through your wholesale or retail druggist.

**P. A. C. W." FORMALDEHYDE can now be secured in original
sealed 1-lb. bottles, at 35c. a bottle.

Entomological Books For Sale
A large number of books, reports, bulletins, etc., relating to

American Economic Entomology, always on hand. Lists of

desiderata invited.

Best prices paid for Entomological and Ornithological Liter-

ature.

JOHN D. SHERMAN, JR.

403 Seneca Avenue - - MOUNT VERNON, N. Y.

Please mention the Journal of Economic Entomology when writing to advertisers.
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THE KNY-8CHEERER CO.
DEPARTMENT OF NATURAL SCIENCE

404-^10 W. 27th St. NEW YORK, N- Y.

LEPIDOPTERA BOXES
GREATLY IMPROVED

12 X 8 in., lined with compressed turf,
$S.OO per doz.
Lined with Asta cork, $6.«0
per doa.

SCHMITT BOXES.
First lot of 1000 Standard style will

be ready within a few weeks.

Sample box at $1.0t

EXHIBITION CASES.
8 X 11 X 2V2", plain, $0.70
12xl6x2V2" 1.20
14 X 22 X 21/2" 3.00

GET THE BEST
A Good Spray Pump eaarns big

profits and lasts for years.

THE ECLIPSE
is a good pump. As practical

fruit growers we were using

common sprayers in our own
orchards—^found their defects

and invented the Eclipse. Its

success forced us to manufac-

turing on a large scale. You
take no chances. We have

done all the experimenting!

Large, fully illustrated Catalog

and Treatise on spraying Free.

Morrill & Morley Mfg. Co
Box 9, Benton Harbor, Michigan

if^i^A^. Destroy Tree Pests
^ Kill San Jose Scale, Apple Scab, Fun-

' gi, lice, Imtcs and other enemies of
vegetation by spraying with

,
C00D SS¥S5FISH OILSOAP tM93

JL Does not barm the trees— fertilizes
the soil and aids healthy Krowth.
Used and endorsed bv U. S. Dept.

of Agriculture. FREE.—Our valuable "book on Tree
and Plant Diseases. Write for it today.
JAMES GOOD. Orig'l Maker 939-41 N. Front St., Phila.

Please mention the Journal of Economic Entomology when writing to advertisers.
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All the sabscribers to this paper

are undoubtedly familiar with

Deming Pumps, and many of you

have operated them. In our

latest Catalogue are some new
developments in spraying appara-

tus that will interest you. We
should like to send you a copy.

The above cut illus-

trates our famous
"Sampson" double
acting hand sprayer
with upright lever.

The picture to the
left is our Fig. 765

double acting power
sprayer which can
be belted to any en-
gine and is good for

200 lbs. pressure.

The Deming Company Depot St., Salem, Ohio

MANUFACTURERS OF

HAND AND POWER PUMPS FOR ALL USES

General Distributing Houses in All Principal Cities

Please mention the Journal of Economic Entomology when writing to advertisers.



VIII

POWER
SPRAYING
would have saved

these trees

This cut illustrates two of the several hun-
dred beautiful elm trees, killed by the ELM
LEAF BEETLE, in one of our largest Uni-
versity cities, because they were not sprayed.

Does a similar problem confront you?

If so, let us tell you about our method by
which laige trees may be sprayed for a few
pennies each.

Among those using our HIGH DUTY
sprayers are: United States Department of
Agriculture; United States War Department;
United States Capitol Grounds; District of

Columbia ; Massachusetts State Forester;

Massachusetts Metropolitan Parks; Massa-
chusetts Metropolitan Water and Sewerage
Board; Cities of Boston, Mass.; Albany, N.
Y.; Providence, R. I., and over 100 others.

We manufacture and sell over 90% of the
HIGH DUTY sprayers used in the United
States.

Catalog on request.

FITZHENRY-GUPTILL COMPANY
49 Washington Street, North

BOSTON, MASS.
135 First Street

EAST CAMBRIDGE. MASS.

4

Spraying for the ELM LEAF BEETLE with our Standard "A". United States Capitol Grounds.

Please mention the Journal of Economic Entomology when writing to advertisers.
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SWIFT'S
Arsenate of Lead

STANDS FOR

Quality M Efficiency

Manufactured Only By The

MERRIMAC CHEMICAL
COMPANY

BOSTON, - MASS.

HEMINGWAY'S LEAD ARSENATE
is made by a firm with 35 years' experience in the manufacture

of arsenical spray materials. It possesses perfect miscibility with

maximum sticking power, is 20% stronger than the federal law

requires, and is selected by the discriminating fruit grower and

shade tree expert.

HEMINGWAY'S "CAASCU"
Pronounced ''K. S. Q."

is a combined Insecticide and Fungicide for spraying or dusting

on potato plants, grapevines and general truck crops. It kills

the foliage-eating insect and prevents blight.

For literature and prices write to Dep't J,

HEMINGWAY & COMPANY, Inc.
NO. 1 BROADWAY. NEW YORK

Please mention the Journal of Economic Entomology when writing to advertisers.
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TROPICAL DISEASES BULLETIN
PUBLISHED FORTNIGHTLY

Under the General Editorship of the Director of the Tropical Diseases Bureau,
Imperial Institute

—

A. G. Bagshawe, M. B., D. P. H. Cantab.

In November, 1912, the Tropical Diseases Bureau, which replaced the Sleepln£' Sickness Bureau
on July 1st, 1912, commenced the publication of the "Tropical Diseases Bulletin." The tropical and
sub-tropical diseases of man are g'rouped in sections, which are in charge of the following^
Sectional Editors:

Fleet-Surgeon P. W. Bassett-Smith. C. B. Dr. Edward Hindle
Lieut.-Col. C. BiRT, R. A. M. C. R. T. Leiper, D. Sc., M. B., Ch. B.
Andrew Balfour, C. M. G., M. D., D. P. R. F. M. Sandwith, M. D., F. R. C. D.

Cantab. J. Henderson Smith, M. B., Ch. B.
Aldo Castellane, M. D. C. M. Wenton, B. Sc., M. B., B. S.
Captain S. R. Douglas, I. M. S. (ret'd) Warrington York, M. D.
H. B. Fantham, D. Sc.

The Honorary Managing' Committee and Staff of the Bureau are as follows:

Chairman:—The Right Honourable Sir J. WEST RIDGEWAY, G. C. B., G. C. M. G.,
K. C. S. I., LL. D.

Sir John Rose Bradford, K. C. M. G., F. R. S. Sir Ronald Ross, K. C. B., F. R. S.

Surgeon-General Sir David Bruce, C. B., F. Stewart Stockman, M. R. C. V. S.

R. S. J. A. C. TiLLET (Representing the Foreign
Surgeon-General Sir Havelock Charles, I. M. Office and Sudan Government)

S., G. C. V. D. H. J. Read, C. M. G. (Representing the Colon-
Bt.-Lieut.-Colonel Sir William B. Leishman, ial Office),

R. A. M. C, F. R. S. with
Sir John M'Fadyean, M. R. C. V. S. A. Berriedale Keith, M. A., D. C. L., of the
Sir Patrick Mansox, G. C. M. G., F. R. S. Colonial Office, as Secretary.

Assistant Director:—G. C. Low, M. A., M. D., Lecturer, London School of Tropical Medicine.

Librarian:—R, L. Sheppard.

ANNUAL SUBSCRIPTION, £l Is. post free. SINGLE NUMBERS, 1$. 6d.

The Roessler & HassUer diemical Co.

100 William Street, New York
Works: Perth Amboy. N. J.

"CYANEGG"
Fumigating Cyanide

in Egg Shape.

Each egg weighs as near one ounce as possible.

For generating Hydrocyanic Acid Gas.

The only positive eradicator of the San Jos6 Scale,

Red and Black Scale and other insect pests.

Please mention the Journal of Economic Entomology when writing to advertisers.







EXCHANGES.
Exchanges or "Wants of not over three lines will he inserted for 25 cents each to run as long

as the space of this page will permit ; the newer ones being added and the oldest being dropped
as necessary. Send all notices and cash to A. F. Burgess, Melrose Highlands, Mass., by the 15th
of the month preceding publication.

BACK NUMBERS WANTl^D,
Will pay 60 cents for No. 2, Volume I, and 30 cents each for No. 1 and No. 6,

Volxune II, No. 6, Volume III, ajid No. 2, Volume IV, to complete sets. Address:

AMERICAN ASSOCIATION OF ECONOMIC ENTOMOLOGISTS,
MELROSE HIGHLANDS, MASS.

FOR SALE—Bulletins 1 to 56 and 67 to 74 and circulars 1 to 67 of the
Bureau of Entomology, all bound. Also bulletins 47 to 66 and from 75 to date
and circular 68 to date unbound.

E. MEAD WILCOX, Lincoln, Nebraska,

WANTED—To buy, sell and exchange insects for demonstration and class

work in economic entomology and bulletins and reports on all subjects from U,
S. Department of Agriculture and Agricultural Experiment Stations, etc.

R. W. BRAUOHER, Kent, Ohio.

WANTED—Specimens of Calosoma beetles from all parts of the world.
Write, listing species that can be furnished.

A. F. BURGESS, Melrose Highlands, Mass.

ENTOMOLOGISTS* EMPLOYMENT BUREAU
Conducted by the American Association of Economic Entomologists*

This Bureau will register Entomologists wishing to secure positions. Sta-
tion Entomologists and institutions desiring to secure assistants are invited to
correspond with the andersigned. Enrollment in the Bureau, |2.00. Fee not
returnable. DR. e. HINDS,

Auburn, Alabama.

FOR SALE—Dyar's List of N. A. Lepidoptera, nicely bound in calf; Aldrich's
Cat. of N. A. Diptera., nicely bouad in black leather; complete set of Insect Life,

nicely bound in red leather; complete set of Technical Series: Nos. 1 to 10, bound
in black leather. JAMES F. ZIMMER, Manistee, Mich.

FOR SALE—The library of the late Harry Pink us. Price list upon application.

F. C. BISHOPP, Box 208,. Dallas, Texas.

FOR SALE—(1) Journal of Economic Entomology complete; Vols. 1 to 6-
Vols. 1 to 4, bound, black leather, new, excellent condition. Price, 120.00. (2) Com-
plete set of U. S. Bur. Ent. Bulletins, N. S. elegantly bound, red leather, to bulletin

80. Eleven volimies. New. Price, $25.00. (3) Nearly complete set of Exp. Sta,

Record. Price, 25c per number.
JAS. F, ZIMMER, Manistee, Mich.

FOR SALE—Entomological News, Vols. 17, 18, 19, 20, unbound, $1.00 each;
Vols. 21, 22, unbound, $2.00 each; Canadian Entomologist, Vols. 40, 41, 42, 43, 44,

unbound, $1.00 each.
E. J. NEWCOMER, Wenatchee, Wash.

Sarcophagidse from all parts of the world bought or exchanged according to
arrangement. North American material determined.

R. R. PARKER,
Entomological Laboratory, Mass. Agr. College, Amherst, Mass.

WANTED—Bibliography Amer. Econ. Entomology, Pt. IV. Cash or exchange,

FOR SALE—Library of the late J. A. Grossbeck and other natural history

publications. Send for lists.

PHILIP DOWELL, Port Richmond, N. Y.

Please mention the Journal of Economic Entomology when writing to advertisers.



JOURNAL
OF

ECONOMIC ENTOMOLOGY
OFFICIAL ORGAN

AMERICAN ASSOCIATION OF ECONOMIC ENTOMOLOGISTS

Business Managfer, A. F. Bfegess, In charge of Moth Work, F. S. Bureau
of Entomology, Massachusetts.

F. M. Webster, Bureau of Entomology, United States Department of

Agriculture.

P. J. Paerott, Entomologist, New York Agricultural Experiment
Station.

L. O. Howard, Chief, Bureau of Entomology, United States Depart-
ment of Agriculture.

WiLMON Newell, State Entomologist, Texas.
"

C. R Gillette, State Entomologist, Colorado.

W. E. Hinds, State Entomologist, Alabama.

A bi-monthly journal, published February to December, on the 16th of the
month, devoted to the interests of Economic Entomology and publishing the
official notices and proceedings of the American Association of Economic
Entomologists. Address business conmmnications to the Journal of Economic
Entomology, Railroad Square, Concord, IST. H.

TERMS OF SUBSCRIPTION. In the United States, Cuba, Mexico and
Canada, two dollars and fifty cents ($2.50), annually in advance. To foreign
countries three dollars ($3.00) annually in advance. Single copies, fifty cents.
To members of the American Association of Economic Entomologists, one dollar
and fifty cents ($1.50) annually in advance. 50 cents extra for postage to
foreign members.

MANUSCRIPT for publication should be sent to the Editor, E. Porter
Pelt, Nassau, Rens. Co., N. Y.

CURRENT NOTES AND NEWS should be sent to the Associate Editor,
W. E. Britton, Agricultural Experiment Station, New Haven, Conn.

SUBSCRIPTIONS AND ADVERTISEMENTS may be sent to the Busines
Manager, A. P. Burgess, Melrose Highlands, Mass.

Editorial Staff
j

Editor, E. Porter Felt, State Entomologist, New York. ^
Associate Editor, W. E. BEiTTOif, State Entomologist, Connecticut.

Advisory Committee










